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PREFACE 



Is the many recent books on cardiac disease, dealing chiefly with 
polygraphy, electrocardiography, and orthodiascopyj there Ims been 
much confusion regarding the proportionate value of graphic methuds, 
with the result that undue emphasis has been placed upon purely in- 
strumental and technical considerations. The author has, therefore, 
included in this book the graphic as well as the usual bedside methods, 
while 'RTiting from the chniciau's, rather than from the cardiologist's 
standpoint, and he l>elieves that this work will therefore supply a com- 
prehensive, practical reference book for both practitioner and student. 

The opening chapters are devoted to a description of instrumental 
and graphic methods in the study and examination of normal and 
abnormal rhythms and of normal and abnormal silhouettes. From a 
study of these chapters, the physician ta enable<l to discern the rela- 
tion and application of instrumental methods to clinical cardiology and 
betlside examination. Without minimizing their importance, I have 
emphasized the fact that instrumental methods are not infrequently 
subsidiary. Indeed, as will be shovm, graphic dev ices may sometimes 
be dispensed with if their fundamental significance is comprehended. 

Subsequent chapters are flevoted to the purely clinical side of cardi- 
ologj'. Careful consideration is given to the impi)rtant subjects of the 
pathology, etiology, diagnosis, prognosis, and therapy of endocarditis, 
myocarditis, and cardiosclerosis. Questions occurring in everyday 
practice with reference to diet, exercise, and general management of 
heart disease are fully dealt with. There are special chapters on pre- 
cordial pains, blood pressure, and the heart in pneumonia. 

1 desire to express my sincere thanks to Dr. Alfred E. Cohn of the 
Rockefeller Institute for valuable aid and suggestions, especially on 
the chapters dealing ^vith the arrhythmias ; to my publishers, The Mao- 
millan Company, for courteous cooperation; and to my wife, without 
whose aid and stimulus this book could not have been written. 
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\'-f ',A : li P'/i .^faHii of }i»-art blwk. ectopic l>eats ami auricuLir fibrillation. 
V-^i A li t'-A-.t/nnii- of prolonecfl conduction time and heart block. 
iUl l.ii "»v u.t'i\'/ifr:tui 'A coniplffe heart block. 

I,.< • :>fii'/ifr;iiii of iiKoinplete and complete heart bWk. 

.•.ri-rumfr.i.iu i-howiiiK "^liltht ahf-mation. 
'/fft '!f)\ .\i-^' r\'/^r.intf. of altffniation following extrasvstoles. 

I'laii XVII ';n<i-«lf;l .Vpjmratus. 
'Mi \'\:x\f XVIII IvtaiL- of marking mechanism of Groetlel apparatus. 
'Jfti Ofili</<liaj!<opic tra<-ing of nonnal heart. 
'Mi't ' >rilio«lia)-'ropir tra<-ing of long and slender heart. 
2<)<l ' oj/y of ail ortliorliaM-opic tntcing of a broad heart. 
'Ml 'Ji\H Orili«Hli;iwopi«: tnu-iii(^.< of abnormally slender hearts ('drop' 
Ill-art t- J. 

2(10 Ortlnnliah4!«pir trai-ing of conjix'nsate<l mitral regurgitant lesion. 
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210 — Orthodiagram of compensated double mitral leaon. 

211-213 — Orthodiagrams of globular hearts of cases of decompensated double 

mitral lesions with auricular fibrillation. 
214 — Orthodiagram of globular heart of extreme size. 

215-216 — Orthodiascopic tracii^ of slightly globular hearts with moderate 
enlargement. 

217 — Orthodiagram of extreme, rounded right-sided enlargement. 

218 — Orthodiascopic tracii^ of double mitral lesion. 

219 — Orthodiascopic tracing of recent mitral regurgitant lesion. 

220 — Orthodiagram of mitral regurgitant lesion showing a somewhat ovoid 

contour. 

221 — Orthodiagram of old rheumatic double aortic lesion. 

222 — Orthodiagram of aortic regurgitation. 

223-224 — Orthodiagrams of double mitral and aortic ledons. 

225 — Orthodiagram of dilatation of aortic arch with left ventricular hyper- 

trophy. 

226 — Orthodiagram of aortitis. 

227 — Orthodiagram of dilatation of aortic arch and left ventricular hyper- 

trophy. 

228 — Orthodiagram of aortitis of first portion and arch of the aorta, and 

extreme left ventricular hypertrophy. 

229 — Orthodiagram of luetic aortitis and left ventricular hypertrophy. 

230 — Orthodiagram of enlargement and low implantation of the first portion 

of the aorta, and moderate enlargement of the left ventricle. 

231 — Orthodiagram of luetic aortitis and left ventricular hypertrophy. 

232 — Orthodiagram of diffuse aneurismal dilatation of the descending thoracic 

aorta. 

233 — Plate XIX — Photograph from X-ray plate, showing aneurismal dila- 

tation of the descending thoracic aorta. 

234 — Plate XX — Photograph from Roentgenogram of aneurismal dilatation 

of the descending thoracic aorta. 

235 — Orthodiagram of aneurismal dilatation of the arch and descending thoracic 

aorta. 

236 — Orthodiagram of aneurism of the first portion of the aorta due to con- 

genital aortic stenosis. 

237 — Orthodiagram of double mitral lesion and aortic aneurism. 

238 — Orthodiagram of patent ductus arteriosus. 

239 — Orthodiagram of congenital dextrocardia and patent inter\'entricular 

septum. 

240 — Diagram of probable cardiac circulation in patent interventricular septum. 

241 — Outline of heart with dilated right auricle. 

242-246 — Diagrams of difference in percussion and orthodiascopic outlines of 

normal and abnormal hearts. 
247 — Orthodiascopic tracmg from a case of mitral stenosis and left recurrent 
laryngeal paraljrsis. 
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CHAPTER I 
THE HEART 

Development of the Heart. — Jn very early fetal life the heart is 
represi-nttt] by u simple tube, the carduc tube. It consists of two dis- 
tinct strata : an inner, thinner layer, derived from the hypoblast, which 
later becomes the cndocardiuni ; and an outer, thickerlayerj derived from 
the visceral mesoblaat, which finally tlevelops into the musculatiire. 
Later, the cardiac tube elongates and becomes bent upon itself so as 
to form an S-shapetl loop, with an anterior right, and a posterior left 
angle. Slight constrictions soon appear, which serve to divide the loop 
into four parts (Fig. 1) : (1) the sinus venosus (sinus reuniens of His), 
(2J the cfjmmon auricle, (3) the commoii ven- 
tricle, (4) the aortic bulb. The Kinus venostis 
is at first situated transversely behind the com- 
mon auricle and connects with the latter by a 
median aperture ; it afterwards becomes oblique 
and divides into two projections or horns: tlie 

right forms part of the right auricle, the Hne of i,_h(.„„,., tne nu- 
union being marke<l in the adult heart by a ver- nmnembr^aSniiu. kmn. 
tical crest, the crista termmalis of Hb; the left fM^"ificdf«m Hi?)^*'' 
horn persists as the coronary sinus. The com- 
mon auricle (C..I) becomes partitioned off into right and left auricles 
by the gradual formation of a septal wall, the septum superius ; the 
foramen ovale results, from a |)erforation of this wall. Another sep- 
tal structure, the septum inferius, similarly forms, and separates the 
common ventricle (fj) into right and left chambers. For some time, 
however, it does not quite reach the auricular canal, thus leavhig a 
foramen between the auricles and ventricles, the common aurio 
ulo-ventricular orifiee. The fi>rmation of a septum is also responsible 
for the tlivision of the aortic bulb (.1.5) into the two great vessels, 
— the aorta and the pulmonary artery. 

Position ol the Fetal Heart. — In early fetal life, the heart lies im- 
mediately under the head and is of relatively large size. Later, it be- 
comes a thoracic organ, lying at first vertically, then gradually assuming 
B I 
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a more oblique position . The auricular port ion w ith its intercommunica- 
tion (the foramen ovale) is at first larger than the ventricle. By mt&ns 
of the ductus arteriosus (ductus Botalli), the blood from the right 
ventricle and pulmonary artery passes mainly to the aorta instead of to 
the lungs. To carry on this circulation, the wall of the right ventricle 
is correspondingly muscular and as thick as that of the left. Toward 
the end of fetal life, the left ventricle becomes thicker and heavier than 
the right. 

Weight of the Adult Heart and Positioii ol the Talves. — The aver- 
age normal adult heart weighs, in tiic male, from 2S0 to 3W) grams 
to 12 02.), in the female, from 240 to 330 prams (8 to II oz.) ; its 

proportion to body 
weight ranges approxi- 
mately from 1 : IfiO to 
1 : 170. Though hearts 
vary considerably in 
size within normal 
limits, the average 
length of the adult 
heart on its longest 
axis is from tweh'e to 
fifteen centimeters, its 
greatest breadth, nine 
to eleven centimeters. 
The adult heart lies 
behind the lower two 
thirds of the sternum. 
The methods for deter^ 
mining the position of 
the valves with the 
heart in situ by frozen 
sections, and also by coating the valvular surface with lead and subse- 
quently taking radiographs, ha^'e not given uniform results. Accord- 
ing to Piersol, the aortic Talves lie behind the k-ft half of the sternum, 
a little below and to the right of the pulmonary valves; the latter are 
situated behind the sternal end of the third left costal cartilage. 
The tncUBpidS' are situate*! behind the mid sternum, opposite the fourth 
interspace and the fifth chondro-stemal articulation ; the mitral valves 
are opposite the sternal enfl of the third left interspace (Fig. 2). 

Anatomy and Physioloify of the Heart. — The heart consists of three 
layers : the endoeanlium, pericardium, and myocardium. The endo* 
eardium is a connect i-v e tissue membrane containing smcjoth muscle 
and numerous elastic fibers. Its free endocardial surface consists of a 
single layer of irregularly shaped ptJygonal endothelial celts. The epi- 
caidium is a i-onnective tissue structure containing fat cells and elastic 
fibers; its outer surface is covered with a single layer of squamous 




Fro. i. — Diagramnuitic positioD of the cardiac valves. 
P.V - pulniijtittry valves; T.V - triritapiii vnlves ; 
A.V - »ortic valvcB ; M-V — mitml valves. 
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epithelium. The mu^e fibers of the heart although transversely 
striateii, must be regarded, developmentally and histologically, as 
mcunficationa of araotith uiuscle. The uiidift'erentiated protoplasm of 
the heart muscle fiber — the sarcoplasm — is found chiefly in its axial 
part. The oval nucleus, which frequently contains oil droplets or pig- 
ment granules, is embe<lded in the sarcoplasm. The musele cells anas- 
tomose by means of short, oblique, or transx'erse processes into various 
complexes and layers. In the auriculax musculature there is a super- 
6t ial muscular layer which runs transverseli,' and encircles both auricles. 
Each auricle also possesses a relatively independent system of fibers 
which runs at ripht angles to the superficial layers. The Course of the 
ventricular fibers and layers is quite complex and as yet a matter of 
uncertainty. According to the most reliable studies, the fibers on the 
ventricular surface arise from tendinous rings and membranes at the 
base of the heart ; here they form a vortex, pass into the interior of the 
left ventricle to the septum, and connect with the papilUiry muscles; 
they thus turn on themselves toward the baseanil f<irm spiral loops, which 
when contracting, approximate base and apex, and at the same time 
rotate the apex clockwise from left to riglit. Mall divides these " super- 
ficial fibers " into two groups ; the Superficial Bulbo-spiral and Super- 
ficial Smo-spiial. The former belong chiefly to the left ventricle. They 
arise from the conus to the left of the aorta and left ostium venosum, 
proceetl spirallj-, penetrate to the interior of the left ventricle and end 
in the septum and posterior aspect of the ventricle ; at that point they 
connect with the posterior papillary muscles. Some of the deeper fibers 
of this layer encircle the lower part of the ventricle and pass upward, to 
end at the base of the heart. The superficial sino-spiral fibers arise mainly 
from the posterior aspect of the heart in the neighborhood of the right 
ostium venosum. proceed spirally (though more transversely than the 
first group) to the apex over the anterior surface of the right ventricle. 
They penetrate the interior of the left ventricle and terminate on its 
anterior surface and in the papillary muscles, especially the anterior. 
Beneath the superficial layers of the bulbo- and sino-spiral systems lie 
similar deep layers which run more transversely or circularly. The 
deep bulbo-spiral layer encircles the left ventricle and en^is by way of 
the septum on the dorsal side of the aorta. Some fibers make a circular 
loop around the conus at the base of the pulmonary artery. The entire 
layer makes a strong circular system whose contraction tends to diminish 
the lumen of tlie left ventricle. The deep sino-spir&l layer originates 
from the posteritjr aspect of the left ostium venosum, passes transversely 
to enter the interior of the right ventricle, and then turns upward toward 
the base. Here some strands pass circularly around the base of the heart 
and left ostium. 

The arterial supply of the heart is deri\'ed from the right and left 
coronaries. Though often so regarded, they are not end arteries, for 
anastomoses have been clearly demonstrated by Spalteholz's method. 
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Furthermore, hlood is sotnetimea found beyond an old, complete obstruc- 
tion of the coronarj' artery. The veins accLHiipany the arteries and 
enjpty in the right aurifle. Tlie Ijnmph vessels are very abundant; 
they are formed from rmlicala derived from the I\Tnph spaces in the 
clefts between the muscle fibers; they accompany the blood vessels 
in their course and terminate in the thoracic and right lymphatic 
ducts. 

Attributes of the Cardiac Musculature. — Engelmann and Gaskell, by 
careful experimentation some thirty-five years ago, established certain 
attributes of the caniiaf nmsculaturc, namely: irritability, contractility, 
rlvythmicity, and conductivity. Tliese have been respectively desig- 
• nated by Kngchniinii as imtliintttropie, inotropic, chronotropic, and dromo- 
tropic functions ; he has qualified them as positive or negative, depenrling 
upon influences which act favorably or unfavorably upon the individual 
functions. This nomenclature, however, has not found its way in 
general clinical use. To the four attributes mentioned, Gaskell has 
added a fifth — tomcit;. This property h similar to that founri in 
ordinary skcleuil muiwulatnrc, which, in the case of the heart, keeps it in 
a slight state of contracture even during diastole. Tonicity is a term 
which is perhaps used too loosely and indiscriminately and is often 
confused with the contractile power of the heart ; it is the attribute 
about which few clinical or experimental facts are known. 

It is necessary to emphasize not alone the differentiation of the 
various cardiac properties, hut the fact that certain parts of the heart 
are endowetl with these properties in varying degrees; for example, the 
sinus region with rhythmic attributes. 

Regarding our present knowledge of these various functions, it may 
be stated that though much is known about disturbances of rh.\'thm and 
conductivity, many details of the other properties are still wanting. 

Besides the cardiac properties mentioned, another is that each systole 
is of mi^yimiim inteiisi^. This property — the so-calletl all- or none-re- 
actiun — means that the heart muscle answers any stimulus sufficient 
to cause response by a maximal contraction. The latter is probably due 
to the intricate intertwined carttiac muscular system already described. 
Cardiac contractility therefore does not depend upon the strength of the 
impuLse; it varies, however, considerably with the state of irrita- 
bility, one of the heart muscle functions. Regarding this function, 
during systole the heart is not irritable, it is refractory to all other im- 
pulses and therefore cannot be tetanize^l like skeletal musculature. 
There is an experimental exception to this law ; hearts that have been 
poisonwl by muscarine, alcohol, chloral, etc., may have a shortened 
refrai torj' phase and hence may be brought into tetanic contraction by 
proper stimuli. 

Nerve Supply, —i^ it uatcl at the base of the heart are the intereom- 
inunioatiTig superficial and deep cardiac plexuses, from whi(*h the ex- 
trinsic cardiac nerves are derivetl. The superficial plexus lies in the 
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concavity of the aortal arch ; the deep, between the trachea and aorta. 
The latter plexus is composed of nerves derived from the sympathetic 
ce^^'ical ganglia and the tardiac branches of the recurrent larj'ngeal 
and vagxts. The branches from the right side of the plexus go to form 
parts of the anterior and posterior coronarj' plexuses, besides sending 
a few filaments to the right auricle. The branches from the left side 
are distributed to the left auricle and compose a large part of the pos- 
terior coronary plexus. The superficial cardiac plexus forms the chief 
part of the anterior coronary plexus. 

The posterior and anterior coronary plexuses surround and accom- 
pany the branches of the right and left coronarj' arteries, respecti\ely, 
atid distribute Blaments to the ventriciJar musculature. The conmary 
plexuses as well as their muscidar filaments are richly supplied with 
ganglia. 

Intracardiac ganglia have been found in the auricular wall, at the 
entrance of the superior and inferior ^ ena cava and at the mouth of the 
coronary sinus. They have also l>een found at the level of the auricultj- 
ventricular junction, especially about the aorta and the pulmonary 
artery. Scatteretl ganglia have likewise l>een observed in the upper part 
of the ventricles. One ohser^'er claims to have discovered ganglion 
cells along the entire ventricular chamber. 

The nerves of the conduction system are described in the next 
chapter. 

The extrinsic nerves to the heart are derived from the cardiac plexuses. 
The heart is often profoundly influenced by impulses which reach it 
from these nerves. The vagi contain the inhlbitt>ry fibers. If, in the 
experimental animal, the vagi be cut in the neck, the cardiac rate is 
increased. If the peripheral ends of the cut vagi be stimulatetl, there is 
slowing or stoppage of the heart, or a condition in which the auricles beat 
more rapidly than the ventricles with no rhrthmic relationship between 
tlie two (Complete Heart Block. Chapter VH). In warm-biwxkMl 
animals there is not only a diminution of cardiac rate, but also of the 
strength of auricular and ventricular contraction, until the heart finally 
stops in diastole. On the other hand, stimulation of the cut end of the 
s.VTOpathetic produces a varying flegree of cardiac acceleration. De- 
pending upon the degree of stimulation of vagus and sympathetic, the 
one or other ner% e has a j>re<lominating influence uptm the cardiac rate. 
Though antagonistic, this antag<jnisra cannot be measured purely 
arithmetically ; if vagus influence predominates during the course of 
the experiment, after cessation of stimulation, a typical accelerator 
itifkience results. This fact in itself indicates that a certain amount of 
tone is present in both ner\es. Nerves of sensation have not been 
discovered in the heart. Since the lower cervncal and upper dorsal 
ner\'es, which supply the integument of the neck, chest, and upper ex- 
tremity, also send filaments to the deep and superficial cardiac plexuses, 
painful skin areas of varj-iog degrees of intensity and exteat are found 



6 



CLINICAL CARDIOLOGY 



as the result of reflex excitation originating in the heart itself from some 
pathological process or function (Chapter XXI). 
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Fta. 3. — gchenwli^ view of sino- 
aiiri(!ulnr node of di^g, !<)iDwiDK gen- 
eriil form of the aodc^ Biitl differL-uTinl 
siirtifture, A ■ artery* ; 
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Position and Structure of the Pacemaker. — Thorough experimental 
eleclrocardiogrfiphic investigatioas in mammala, and histological and 
pathological studies in man and ani- 
mals, have proven that tlie primtttit 
motetis — the normal impulse center 
in the human being — -exists in a bit 
of specialized cardiac tissue situated in 
the sinus region immediately beneath 
the epicardium and in the groove be- 
tween the right auricle and superior 
vena cava. Thl^ rhythm center is 
variously known as the pacemaker, 
the smo-auiicular node (S-A ncKle), 
or the node of Ket^-Fl&ck. Its shape 
is irregularly pyriform (Fig. 3) with 
a larger upper, and a somewhat tapering lower end. The node is 
surrounded b^' branches of the vagus and sympathetic ; it contains a 

plexus of moniliform nerve fibrils 
and a few ganglionic cells ; it is 
therefore, histologically considered, ft 
neuio-muscular structure. Its blood 
supply is derived from a special 
arterj*. The structure, arrangement, 
and composition of the node differ 
materially from the remainder of the 
cardiac musculature. The cells are 
smaller, stain more delicately, and 
are paler ; the cross striations are 
indistinct or may be absent, tlie 
nucleus is pale, and there is a relative 
richness of perinuclear sarcoplasm. 
The cells conttiin more gl\*cogen than 
those of the non-speclali/ed muscle. They do not follow any orderly 
layer-like arrangement, but are placed irregularly in a rich stroma of 
fine connecti\'e tissue (Fig. 4), A small specialized muscle band con- 
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Fio. 4. — Detail nf the S-A node of 

dug (high ii<)w<>r), showing the evils. 
\.T - nocliil tlisue ; 
A,M - uuHiMilur niuiMmliilure. 
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Flo. 5. — Right vciitricio of oi hcnrt, uliowing the aliriculo- 
ventricuUr uode (A-V nodei and thu muiD stvni. The 
right branch is aeea ruiuuug al'ing the- " M'Hii-raUir Baud." 
(Modified from Tnwam — " Diu Rcitiloituugssj-ttten] dea 
Siiuge thier bcnens. " > 



necting the sinoauricular nwle with the remainder of the conduction 
system has been desfrilsed by Thorel, but its presence has not been 
corrnbn rated l)y other observers. 

Position and Distribution of the Auriculo-Tentricular Conduction 
System. — Similar in strueture to the sini>-auricuhir nixIe is the larger 

mass of specialized 
tissue, known as the 
atrio- or auriculo- 
ventricular conduc- 
tion system, or junc- 
tional tissue. For 
purposes of anatomi- 
cal identification, its; 
various parts are dif- 
ferently nameci, but 
they together form 
one continuouii 
strand. The node 
of Tawara — tlie be- 
ginning of the junc- 
tional tissue — and 
the bundle of His 
constitute the major 
part of the conduction system before its division. They he imme- 
diately beneath the endocardium in the lower part of the right auricle, 
slightly abo\'e the level of the ventricle, and about midway between 
the opening of the coronary sinus and the fibrous tissue beneath the 
aortal cusps (the 
aortic vestibule or 
"undefended 
space ")■ The con- 
duction system is 
then contiiniefl into 
the main stem, 
which soon makes a 
hnirpin-likc division 
into its two main 
branches — the 
ri^ht (Fig. 5) and 
left (Fig. 0). Both 
brinu hes course on 
either side of the in- 

tervcntncular septum in a direction roughly purnllel to the axes of the 
respectiv e ventricular cavities, and are contained in their own sheaths. 
The right branch is thin mv] spreads out in a somewhat fan-shaped 
fashion; the left is more compact, thicker, and club-like. In their 
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Fia. 6. — Left vcntriflc at ok hnirt. showing (!onductioa ?3»- 
teiii. 4 Modified from Tawnfa.) 
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upper portions, both branches are superficial and subendocardial. They 
split into sefondary and minor branches as they spread toward the apex 
(Figs. 5, 6). In the ox lieart, the left branch has three main divisions — 
to the anterior and posterior papillary muscles, respectively, and to 
the apex. The right branch has one division that goes to the large 
papillary muscle and venous base, tlie other forms the" moderator band " 
which supplies the septal papillary muscle and the arterial base (conus 
arteriosis) ; from both of these, a division to the apex is formed from 
separate heads. The branches in human and mammalian hearts finally 
divide into terminal aborizations (known as Purkiuje fibers in the mani- 
mal), which ramify through the papillary inu:icles and probably through- 
out the entire ventricular musculature. Some of these terminal aboriza* 
tions run free across the apical portion of the ventricular cavities ; they 
were formerly regarded as aberrant ten<linous strand.s. They are 
macroscopically distinguiiihed from the latter by their paler and finer 
structure and non-glistening appearance. Tlie main stem and branches 
of the conduction system are sometimes dimly distinguished through the 
shimmering endocardilmi as paler, non-glistening structures. 

Dissection and Demonstration ot the Conduction System. — In 
order to ili.ssect out the conduction system, the emlocardium over the 
site of the auriculo-vcntricular {A-V) conduction system is gently 
teasefl off with forceps after the heart has been washeil in water and 
hardened in a formaldehyde solution. The conduction sj'stem is most 
remiily dissected in the ox or calf heart, less readily in the human. 
The heart is first incised with a scalpel near the margin of the inter- 
ventricular septum. The ventricles are then cut parallel to the latter 
Id this manner they can be turneil back, and the septal walls of the auricle 
and the interventricular septum expose*! without injurj'" to the con- 
duction system. In oxen the main branch on the right side exists as 
n separate strand — ■ the moderator band, .\fter e.K|X)sure by teasing 
in the manner described, the structure of the A-V conduction system will 
be found paler, softer, and more delicate than that of the surrounding 
musculature. Another method nf gross demonstration of the conduction 
system is by subendoe&rdial injection of the main branches with a fine 
b\p(>dermic neetlle and syringe w>ntairung a 50 per eent solution of 
India ink. If carefully performed, not only the main branches but the 
subiiidiary divisions stand out prominently as darker strands. In 
this manner, also, corroborative evidence is derived that ventricular 
contraction begins at the papillary muscles, for the ink may l>e seen to 
reach the latter first and then the base and apex of the heart. 

The cellular strttctore of the main junctional tissue is similar to that 
of the S-A node. The aborizations consist of larger, paler cells with 
large nuclei and with protoplasm containing faint striations at the 
periphery. 

Arterial and Nerre Supply of the A~V System. — The main arterial 
supply of the A-V system is derived from a special branch of the right 
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coronarj'. The junctional tissue is supplied and intertwined with 
medullated nerve fibrils and ganglia. There are numerous ganglion 
cells, — mono-, bi-, and multipolar, — whose proces-ses pass to adjacent 
ganglion cells, to nerve fibers in the bundle, or thnmgh the ' system, 
some of which end in ganglia cells of the bum lie or in the muscle 
plexus. There is an intricate plexus of varicose fibrils around and in 
close relation to the muscle fil>ers of the bundle. Thu-s the .1-J ' system, 
like the sino-auricular nmle. k a nemo-muscular spindle. Though the 
exact distribution to the nmles of the extrinsic cardiac nerves is not 
known, it appears probable tliat, regarding the vagus distribution, the 
S-A node is supplied chieHy by branches of the right, and the .1-1' 
by those of the left vagus. There appears to Im* a similar distribution 
to the 5-/1 and A-V nodes by the right and left accelerators, respec- 
tively. 

Course of the Normal Impulse. — From a stuily of the physiological 
and anatomical distribution of the specialized tissues, it is evident that 
the normal impulse arises in the S-A node ; it spreatls tfience through the 
auricle, following, as far as known, no especially differentiated path in the 
latter. It then reaches the junctional tissue, and by way of the right 
and left branches and terminal aborizations, it finally spreads to the 
papillary muscles and throughout the ventricular mu.sculature. 

Myogenic or Neurogemc Impulse 7 — The question %vhether the 
original impulse is of myogenic or neurogenic origin has been for years 
a matter of dispute, and has not yet been decided. The intimate and 
intricate relationship existing between the muscle and nerve structures 
in the nodal regions demonstrate.^ how difficult must be the final deter- 
mination of this question. It is known clinically that the rhythm center 
is readily influenced by purely neurogenic impulses; these can indeed 
upset the normal cardiac control and give rise to abnormal rh>i,hm» 
{Chapter VIII). How far such clinical observations can be applied to 
the question of the normal control of the rhjlhm center it is impos- 
sible to state. All in all, it seem.s probable that the sino-aurieular node is 
activatetl by both neurogenic and myogenic influences, though we have 
at present no means of discovering under what circumstances either 
becomes the controlling factor. 
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POLTG&APHIC TfiACQfOS 

Mackenae Ink Polygraph. — For purposes of exact study of arterial 
and vcmm^i pulsations, mechanical methods^ itiiitruments, and graphic 
representation (sphygmograms) are necessarj'. 

Instruments; that sinuiltaneously transcribe arterial and jugidar 
pulsations are called polygraphs. For clinical use I have found the 
Mackenzie Ink Pal\ graph pcrfettly satisfactory. Its compact size, 
the comparative simplicity and ease of operation, the fact that if neces- 
sarj' very long records can be taken, and the me of ink and a paper roll 
instead of smoke<1 paper, make it suitable for clinical work. 

The Mackenzie polygraph (Fig. 7, Plate I) consists essentially of a 
clockwork (f/) incasetl in a metal container. The clock is fitted with a 
time-marker ( Ti) which ticks and marks fifth seconds by means of a small 
pen. The spee<i of the time-marker may be regulated by a small screw (S). 
There are two separate keys {S.B 1, S.B 2) for winding the driving gear 
and the time-marker. There is also a small lever ( Lc) which starts and 
stops the driving mechanism. Attacheil to one side of the case is a 
slot (SI) into which is fitted a support for a paper roll (Pr), On the 
opposite side is a smaller slot, which acts as a rest for a long, narrow arm 
(Ar) for the suppfirt of two transmitting tambours (T.T); the latter 
are so arrange*! that they can move in any diretlion. To the tam1x)Urs 
are ntlached long writing pens (P); the pressure of the points upon 
the paper may be regulated by manipulating the tambours. Each 
tambour is also separately connected with the receiving apparatus 
ftppliefl to the venous and jirterial pulse by means of elastic tubing {E. T), 
Tlic fccetvcf for the venous pulsations is a small circular metal cup 
(f 'ti), %vhich iiiiiy aLso be useil for registering canliac pulsations by plat^ 
ing it over the apex. For transmitting radial pulsations, a perforated 
Wftther !*trap (L.S') is buckltnl about the wrist and so adjusted that the 
button (Hii) or pelotte rests upon the most prominently pulsating part 
of the radial; the pressure of the pelotte uprm the latter is regulated 
by u small flat spring iSp), There is a broad wrist tambour (R'.T^ 
which rests upon the button and transmits radial pulsations to the 
writing pens through the transmitting tambour. 
It 



PLATE t 




cm 



I ^ 

Fill. 7. — Maekeniic Ink Pulyginiih. 

Ct - Clot'kwork : 
Ti — Time-maf kpr ; 

S « Screw which i*icul*,tcs »pped of titiic^marker: 
SM 1,2- Kt'yn fut winding the driving geur and (inii?-niarkw; 
Lf = LoviT for >itartin8 and shippiiur the <invnni! nifpboniain ; 
SI - Stilt for support nf the pttper roll (P.R) ; 
At ~ Arm fur the support of the two traiumittiii^ t&mtxiuni iT.T\ ; 

P »• Wriiuijt jwns; 

B.T = Eliutir tubim connertimt the irsnsmitiliig tambourm to th« TeoeiviiiR stppAnXua ; 
Cu Cup for rewivitiK vefiou* or cardiac pultaitioiia; 

~ Leather stmp for lnu^klini; over thi* mdial art«ry ; 
£u ' Buttoo for nK!«iviri|E ihp iiulini puUatioat : 
Sp ' Screw for ngulatine (h*- pr^ure uf tlw button upon ttu nkdial; 

W.T - Wriat tunbour. 
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Method of Use of the Mackenzie Polygraph. — Tbe polygraph 35 
used as follows: the driving mechanism and time-marker are wound 
up, the paper roll set in place, the pens thoroughly inkeil and lightly 
adjusted upon the paper. After palpatmg the radial, its most pul- 
satile point is marked by an ink spot, or preferably by two reetaogulur 
lines ( r). one along the radial, the other across the wrist ; these serve 
as guides for the proper position of the pelotte and wrist strap. The 
best position of the wrist is with the hand in moderate extension or 
hyperextension, because this tends to make the radial artery more super- 
ficial. This position can be conveniently maintained by firmly pressing 
the extended hand against the physician's thigh. The upper strap of 
the wrist attachment is put on loosely so as not to obliterate the artery ; 
the lower is buckled on firmly. The spring regulating the pressure 
of the pelotte is then pressed down sufficiently to make the latter bob 
vigorously with the radial pulsations. The wrist tambour is slipped in 
position with its screw sup- 
port loose, so that the 

metal tip on the under sur- ^''"^ ^ 

face of the tambour rests 
full upon the bobbing but- 
ton; it is then screwetl 
and held in this position. 
Thus through the receiv- 
ing and transmitting air 
system of tambours and 
their connecting elastic 
tubing, the radial pulsa- 
tions are transmitted to 
the writing pens. 

To transmit and tran- 
scribe venous pidsations 
the metal cup is placed over the jugular bulb (Fig. 8), preferably on 
the right side, becau.sc the vein is usually more prominent on that 
side. The neck of the cup ts grasped bettveen the fore and middle 
fingers, the rim by the thumb, and the cup slid along the outer border 
of the sterntvmastoid muscle until it touches the clavicle. It thus 
rests over the triangular area formed by the jugular vein (with its 
bulb), the inner end of the claA'icle, and the sterno-ma.'itoid muscle. 
The patient is made to lie as flat as possible ; he should breathe 
quietly, for stertorous breathing .interferes with proper registration. 
Rigidity of the neck muscles also mars pulsations. Superabundance of 
fat and respiratory dyspnoea are other factors which may interfere 
with or vitiate accurate registration. 

After the wrist tambour and \ enou3 cup have been satisfactorily 
adjusteti, the pens are separately slid across the paper, so as to establish 
coincident ordinates for measurement of the curves. These lines nee*i 




Fio. 8. — Sebematie viow of the a~c-t nmvea and of 
ihe jugular bulb. 
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not necessarily be continuous, for simultaneous venous and arterial 
pulsations may be measureil oH' ami stamlardized by means of calipers. 
The driving mechanism is mm' released and arterial and venous pulsa- 
tions simultaiienusly re^'isterctl, 

Correlatioii between Experimental AuriculaT Pressure Curves and 
the Human Jugul&r Pulse. — Early cx^Hrinjenters jfiiiiied information 
refiiinliii^f auricular prcs^iure eur\ es by inserting sounds directly into the 
auricles of dogs and horses ; they found that auricular contractions were 
accompaiiie<l by increased auricular pressure, that is, by positi^-e pres- 
sure \va\'cs- ^Vhile there is a general correspondence between such 
pressure curves and human jugular tracings obtained by the polygraph, 
it must be remembered that the latter primarily ^lejiend upon difference 
in volume create<l in the confined air space of the cup resting over the 
jugular bulb. These Tolumetric differences are transmitted to the 
tambour, and the pen is then correspondingly deflected. Hence dif- 
ferences in auricular pressure are not necessarily transmitted and tran- 
scribed as volumetric waves ; and as a corollary, one can rarely predicate 
and estimate auricular pressure by the excursion and direction of the 
" venous " polygraph ic waves. 

The Waves of the Normal Jugular Pulse, — the Normal Pblebo- 
gnm, — Frequent observations have shown that, corresponding to the 

first auricular pressure curve 
coincident with aiu-lcular 
systole, there exists normally 
a venous pulse best seen in 
the venous trunks at the root 
of the neck. In man, for 
each radial beat, there are in 
the normal jugular tracing 
three waves or elevations; 
each elevation isaccompaTiied 
by a corresponding depres- 
sion (Fig. 9). We shall fol- 
low the simple nomenclature 
usually adf»ptefl in the litera- 
ture anfl call the elevations the a-M! waves. The a refers to the 
auricular, c to the carotid, and d to the ventricolaf filling wave. The 
rise (Figs. 8-9) and fall (Figs. 8-9. 1) of the first wave a are caused by 
the reflux wave pro4luced in the veins of the neck by auricular 
systole. In rhythmically beating hearts, the a wave comes before 
the advent of ventricular systole (c wave). The absence of the a 
elevation in those types of arrh.vi;hmia in wliich experimental and 
dectrocanliographic evidence shows absence of normal rhj'thmic au- 
ricular ctmtractions (Auricular Fibrillation, Chapter VIl), and its 
ubnormnl position in arrhjthniias affecting relationship between auricu- 
lar and ventricular contractions (Heart Block, Chapter VII), are con- 




TIT**., ill » 



Fia. 9. — Diap'anuDKtie rspTWUitatton of the not- 
mn\ polygrapnic curve, 
a • kuriciiliir wi>%'e ; 
e — cftriJikl wavt" ; 

r • Tentrirular iilliiiK wave. (See text.) 
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firraatnry evidence that the a wave is in the main, if not entirely, 
dut.' to atirit'ular systole. If the jugular tracings were quite similar to 
the experimental auricuhir pressure curves, following auricular systole 
(a \va\ e) there should W a tontiuuoiis fall (Fig. 9, 1-2J and two eleva- 
tions (a^) and depressions (2-3) in tlie venous tracing. The post* 
auricular fall is interrupted by the advent of an elevation, the c wave. 
For the present disregarding the latter, the chief cause of the psistauric- 
ular fall of pressure (Figs. 8-9, 1-2) is uiidtmhtefll\ auricular relaxation 
follcnving systole; ventricular systole acts as & contributory cause in 
increasing this relaxation, mainly by dragging down the interventricular 
septum, and to a lesser degree, by prorlucing diminished intrathoracic 
pressure. The physiological limit of the diu'atiun of the a wave is 
one fifth of a second. 

The cause of the €&rotad W4Ve is still a matter of dispute. Its oc- 
casional appearance one twentieth of a secontl before the onset of ca- 
rotid pulsation, and its presence after experimental ligation have l:>een 
offered os evidence that the r wave is not due to canitid pidsation. How- 
ever, those who have worked with the cup receiver over the jugular bulb 
will have observe*! how the venous tracing is often vitiated by placing the 
receiver too close to the carotid, in consequence of which the c wave will 
often obtrude itself upon the venous tracing. Although there exists some 
dispute as to its cause, the practical importance of the inciilence of the 
c wave in the study of the 
human phlebogram rests 
upon the fact that it.s foot 
point is coincident with the 
onset of car<)tid pulsation. 
The detennination of the 
foot poiat, therefore, be- 
comes an important land- 
mark in the stud>- of the 
polygram. Since the pulse 
wave reaches the wrist ap* 
proximately one tenth of a 
second after its arrival at the 
carotid artery, and the onset 
of the in<lividual radial beats is readily discernible in the arteriogram, 
the foot point of the c wave may be determined and distinguished 
from the o and » waves by measuring with calipers from coincident 
ordinates in the radial and venous tracings. These ordinotes are 
deriveiJ by stopping the driving mechanism for a moment and sliding 
both pens across the paper (Fig. 10) ; when measuring in the direction 
of the physiological prftpresslon of the waves, one tenth of a second 
(the difference in time between carotid and radial pulsations) is added ; 
in this manner the f(»ot point of the c wave is derived. With the latter 
determined, it becomes a simple matter in good curves to determine the 




_ , ^_»!^ 

Fkj. 10. — Nomnal venous and mdia] tmirijig sliow- 
ItiK rhythmical a-o-t w&vcs in the juicutar trtu-^ 
ing. and regular radial brntft. The EJoiuCK ntft 
coinridcnt ordinates derived by slidinii ihu pi'iu 
when the drivinjc roeehaaism is at rest. Tho 
method of dmvation of the foot point ol tbo 
e wave in alao shown. 
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a and v waves when the pulse beats rhythmically: the precarotid is 
the a, and the postcarotid, the v wave. 

The third positive (Fig. 9, r), the ventricular w&ve which follows 
the second depression, is due to ventriciUar systole ; it results almost 
entirely from reflux of the stored auricular blood which is force*! into 
the venous isj stem with ventricular systole while the auriculo-ventricular 
valves are still closeiL Another factor in its production is the sudden 
release of the base of the ventricle at the commencement of ventricu- 
lar diastole. The slightly variable beginning of the r wave depends 
upon the varying amount of btood stored up during auricular diastole ; 
its termination is coincident with the opening of the tricuspid valves. 

The third fall or depression (Fig. 9, 3) is caused by the rapid drop 
of pressure in the aiirit-lc imd in the venous trunks at the root of the neck, 
which follows the beginiiinj; of ventricular diastole and the opening of 
the auriculo-ventrieuiar valves. 



Translating the knovvledfje gained from the graphic orderly sequence 
of auricular and carotid pulsations (the a and c waves) into terms of 
auricular and ventricular systoles, we have the means of studying 
rh.S'lhmicfll sequential cardiac cycles — the normal pulse — as well 
as the immerous disturbances of rh.vthm affecting auricle and ventricle. 

Variations in the Normal Phlebogram. — There are certain varia- 
tions in the normal phlebogram wliich require consideration. The a 




V 



-^£2^ -^ntsa/ — ■ 

Fioa, 1 1, 12, 13. — Thone fiiut«a show a split e(p-c) wave ia the v^aoxiii tracmg. 

wave is occasionally bifurcated at its apex, i.e. at the height of auricular 
systole ; such splits I believe result from a venous reflux wave produced 

by a sharp flapping action of the valves 
in the jugular bulb. 

The c wave is sometimes split (Figs. 
II, 12, 13), When this occurs, the first 
part is usually high and its fall sharp. 
It is due to the fling of the lever caused 
by placing the cup too close to the ca- 
rotid, or to causes similar to those of the 
dicrotic notch of the radial (q.v,). An- 
other variation of tlie phlebogram ia the 
occasional blending of venous and arterial tracings ; the c-u waves then 




i'lo, 14. — Comhiiied ronoiiA nod 
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resemble an arteriogram (Fig. 14). The v wave is sometimes divided ; 
thi-s division is probably caused by tJje two factors in its proiluction 
iq.t.) acting somewhat asynchronously. 

Another wave — tlie so-called h wave -- is sometimes seen in mid- 
diastote or directly precetling the a peak {Figs. 15, 10). It is regarded 
as due to the rather sharp lialloon- 
ing of the tricuspids by the rush of 
iripouring blcHjd during diastole. 

Limitation of Inferences from the 
Phlebo^am. — With reference to in- 
formation derivetl from the normal 
rhythmic tracing, it must be em- 
phasized that, be- 



cause i»f the me- - V . / ^ 

chanical limitations 
of the ptdygraph, 
because the wa^es 
measure volmnetric 
changes, and be- 
cause of the manner 
of appHcation of the venous cup, only \'ery rarely can conclusions re- 
garding auricular or ventricular energy lie drawn. I have, for example, 
taken many venous tracings from patients with valvular and niyo- 



FluB. 15, 10. — These ahow an h wave. 



Figs, 17-24. — JuRuIar traciriasi of patients with hwrt diseiwe. showing variittioiia in the 
heij^hiti of thv waves. Tb« v&riatiooB ilts not d)«tiavtive of any ty[)e of valvulmr 




Fir.. 17. — Normal 
phletKigram from » 
rii*B of aortic regur- 
gitation. 



Ftc*. IS. — i? = rni!ial trao- 
inx. Nnrmnl juKiilar 
tmriw fmui a patieut 
with aortic st«ri(>!<iH nnd 
a double mitral tesion. 



Fio. 19. — Nornial jugular trne- 
lag from a patient with aortic 
rtenoaia and a double mitral 
lesion. 




Flo. 2Q, — Normal siied o and other 
peaks from a eaa« of mitnl Eticnosii, 




FtG. 21. — Normal a wav« fmm * 
caae of mitnil regurgitatiQtit 
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cardial lesions, and after t'oinparison with normal tracings, I have been 
unable to discover any distinction between them. Figures 17-24 taken 
from patients with various diseases illu.strate tliis fact. 



-» ■ — If — w • — « — » w • i» » » p • ^u^t www ■ 1*-^ -J • » — r 




Tigs. 22, 23, 24, — Noniiul juniilar traciiiK from cases of exophthalitiir guitcr. 



The Radial Pulse, — Because of the method of instrumental ap- 
plication — a spring and pelottc pressing upon the radial artery — the 
arterial sphygmograin represents difierences of arterial pTessure. Tlie 
amount of spring tension retjuired to sufficiently ottjuilc the artery for 
the purpt)ses of tracing is quite variable, hence tlie resultant curve is 
in many instances no accurate or even approximate measure of the 
amount of arterial pressure. In addition to these mechanical draw- 
backs, extraneous factors, e.g. the position of the radial, its accessi- 
bility, the pliability of its walls, etc., are considerations which profoundly 
modify inferences drawn from the pulse tracing. The special value 
deriveil from the ratliid tracing in the polygram rests U[xin knowlerige 
gained regarding cardiac rate and itiytliia, and th€> aid in fixing the 
time lelation of e\ eiits in the cardiac cycle ; the foot point uf the radial 
serves as a standard for determining the incidence of tlie c wave in the 
venous tracing. 

The first wave of the radial (Figs. 2.5, 26, 1-2), usually called the 
piimary or percussion wave, is generally steep, its fall sharp. It is due 




Fras. 25, 26. — Norinul ratliul pulse truriuga, 

1-2 — abrupt Tim probsWy due lo inatruitieutul fling of (lio lever (aleo called prinittry 
or twrt'UBsiuo WB%*e) ; 

1-3 - time of vcntrii'ulftT syntole — the MtUc Vklvot ore qpco ; 
D.N — dicrtitir nutcli ; 
I>.W " dicrotic wave ; 

S.W » systdlic wave (aUo railed tidal and predicrotic wav«). 

to the sudden itistrumcntnl fling given to the pelotte and lexer by the 
sharp impact uf the tuirushing bloud. It occurs in, and is part uf, the 
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wave produced by systolic arterial distention, and may be regardeiJ as 
an initial artificial peak superimposed upon the arterial wave during 
systole. It is immediately folhtwed by the systolic wave, sometimes 
called the secondary tidftl or predicrotic wave (Figs. 23, 26, S.W, 2^3). 
The termination of the systolic and the beginning of the ditTutic wave 
(Figs. 25, 2t), DM ) is marked by the dicrotic notch (Fig. 25, D~N). 
This notch corresponds to certain events in the cardiac cycle : the end 
nf the ventricular systi)le and the foot point of the v wave in the venous 
tracing (Fig. 26), Other small waves are sometimes found in the radial 
tracing ; their cause ami significance are not known. 

The cause of the dicrotic wave is still in dispute. Mackenzie re- 
gards it as due to sudden relaxation of the \entricular wall, including 
that portion supporting the aorta: according to him there is thus de- 
veloped a temlency to the production of a negati\*e aortic wave, which 
is checkcfl by the sudden streteliiiig of the membranous aortic valves, 
thereby causing a second positive, the dicrotic wave. It has been 
experimentally demonstratefl in a circulatory model in which the arterial 
system is representee! by elastic tubing, that sudden check of the inflow 
prcKluces a suction or negative pressure l>ehind the column of fluid, 
and with it, resultant waves. Indeed, " dicrotic " waves have been 
produced in an " arterial system " in which the pumping mechanism was 
B syringe not comparable to the heart, a fact showing that these waves 
may be entirely the result of pressure effects in elastic arteries. With 
the influx of fluid, the tube expands; with the sudden cessation of 
the flow, the resultant negative pressure in a rigid tul>e would lead 
only to a reflux of Huid, In elastic tubing, however, represented in the 
human Wing by the aorta, there is the additional force of elastic i^ecoil. 
Both forces — suction and elastic recoil — protluce shrinkage be- 
yond the natural caliber of the tulie (aorta), the elastic constricted 
caliber causing s€K-ondary expansion and with it the secondary pul- 
satile " dicrotic " wa^■e, Similar physical facts present in the arterial 
system seem to me sufBcient to cause dicrotic waves. It is known, 
for example, that when the ventricles relax, the pressure in those 
chambers falls rapidly and the semilunar valves close; there is in 
consequence a ^eg^lti^■e pressure at the mouth of the aorta, " accom- 
panied bii' an actual though slight movement of tlie blootl current " 
(Wiggers). The element of elasticity in the human aorta has alreatly 
been mentioned. 

It has also been held that the dicrotic wave is reflectetl from the 
periphery. Under such circumstances, the distance between dicrotic 
and primary crests ought to diminish as the arteries recede in distance 
from the heart, and there should be no dicrotism in the proximal 
part of the compressed artery. Both of these suppositions are dis- 
proved by sphygmographic tracings. In ad<lition the manifold ar- 
terial division at the periphery would seem to make one large reflected 
wave impossible. 
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The height of the dicrotic notch is ordinarily about one half of the 
arterial curve. In some cases, with sharp fall of arterial pressure fol- 
lowing ventricular systole, the notch is abnormally low. Tliis happens 
frequently in aortic regurgitation with cardiac failure (Fig. 27), hut it 



IS also found in other decompensated heart lesions, valvular or rayo- 
canlial in oripin (Fig. 28). 

Tjp^s of Pulse. — From what has preceded, it is evndent tliat only 
exceptionally can definite conclusions regarding the " strength " op 
" weakness " of the circulation be drawn from graphic records. In fact, 
the terms " weak " and *' strong " pulse are usually misapplied to what 
should properly be called " soft " and " harti," respectively. The old 
terras previously in use have the advantage of describing the physical 
impression given to the examining finger. Wien thus descriptively 
applied and no de<luctions regarding the state of circulation are drawn, 
they serve a useful purpose. These terms and their definitions are as 
follows : a sudden fall of the pulse wave produces what is known as the 
" coUftpsin; " pulse ; if extreme, it becomes the tj'pical " water hammer " 
or Conigan pulse. The ra<lial pulse can also be described as large and 
expansile (pulsus magnus), nmall or compressible (p. mollis), or hard 
and incompressible (p. durus). The rise of the pulse wa\'e may be quick 
(p. celer) or sh»w fp. tardus). If dicroti.sm becomes palpable, the pulse 
is known as dicrotic ; if the dicrotic notch breaks low and the dicrotic 
wave is marked, it is catle^l byperdicrotic. Occasionally, the puUe 
wave feels unduly sustaineil at the point of its maximal pulsation and 
falls slowly, — the anacrotic pulse. The bisfehens gives the sensation 
of a double pulsatile impact ; it is pnxluce<l by the rather equal split 
of the systolic plateau by the pretlicrtjtic or instrumental wave. Its 
assumed significance as evidence of aortic stenosis is not bonie out by 
clinical experience. 

Important information of the state of the radial artery is sometimes 
gained by careful palpation. Markeil nodosity, thickening, and tor- 
tuosity are immediately apparent. The opposite information — that 
of a normal elastic arterial wall — is not so readily derived. If the artery 
is emptied by compression and the collapsed vessel palpated, the radial, 
if normal, is barely definable as a separate strand ; if the radial is thick- 
ened and its walls stiff, the emptied artery is palftable below the point 
of compression. 





Fio. 27, — Low diprotic notch (d) 
from A com; of aortic reguricitatioB 
wilb decompeaBatioa. 



F(a. 2S. — Low dicrotic not rh Id) from u rose 
of aortic aneurinD with curdiM f&iluro. 
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CHAPTER IV 



THE ELECTBOCABDIOORAM 




Fandameiital Physiological Considerations. — The electrocardio- 
gram is based upon the fundamental physiological fact that any muscle 
upon contracting produces a definite, though minute amount of elec- 
tricity. The current 
thus produced, if al- 
lowed to pass through 
a sensitive galvanom- 
eter, causes deflection 
of the needle. For ex- 
ample, a muscle con- 
sisting of parallel fibers 
(Fig. 29, M) is stimu- 
late at the point S, 
the surface at that area 
is connected by means 
of a non-polarizable 
electrode (E{) to the 
galvanometer (G), and 
^ the other electrode (Ez) 
% is grounded so that it 
remains constant (equi- 
potential) ; then the muscle at S in contracting becomes electrically 
negative relative to the remainder of the musculature. As the current 
passes, the stimulated end becomes quiescent ; the electropotential falls 
and reaches zero; meanwhile the needle of the galvanometer is 
deflected and then comes to rest. If recorded, such deflection would 
be a monophasic curve (Fig. 29). 

If, instead of being grounded, the electrode is connected with the 
other end of a parallel fibered muscle (Fig. 30, Et) and the latter is 
stimulated at the point S (Fig. 30), the stimulate area in contract- 
ing becomes electronegative, the other areas relatively positive. The 
current flows from — £i to +Et (Fig. 30) and produces a current 
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Fio. 29. — Scheme of monophaaic action current. (Modi- 
fied from Kraus and Nicolai — "Daa Ellecktrokardio- 
Sramm.' ) 

ii — muscle consistiQK of parallel fibers ; 

S — point of stimulation ; 
El — non-polarizable electrode ; 
Bt — earthed electrode ; 

O - galvanometer ; 

C - resultant monophasic curve. 
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In the galvanometric circuit. WTien the contraction wave arrives at 
tbe center of the muscle, tio current is induce*! because this zone draws 
negative ions in equal aiuoutits from both sides. The two latter being 
positive, there is no difference in po- 
tential and the needle is not deflected. 
With the passage of the contraction 
wave toward Kz, the latter becomes elec- 
trouegative (the negative pole) ; the 
current now flows from — to + Et 
and the needle is deflectetl in the op- 
posite direction. In other words, with 
chanjie in electrical »igm the newile is 
again deflected and a diphasic curre 
results. 

In ^■iew of later electrocardiographic 
considerations, it is important to em- 
phasize that the resultant curve depends 
upon the direction of the contractir^n 
wave ill the nuisclc and upon the point 
at wliich the contraction arises. It 
further depend.^ upon the axis of the 
muscle mass in relation to the electrical 
wave. It h also evident tliat the course 
of the contraction wave, of the galva- 
nnmetric dcflectiims, and of area.s of 
relative negativity are intimately corre- 
lated. These simple con-siderations regarding the action of a contract- 
ing muscle upon a galvanometric needle will serve to clarify the 
principles underlying the electrocanlitigraphic apparatus. The latter 
as first constructed hy Einth(»ven consists es.sentially of a fine conduct- 
ing fiber lying in a narrow space between two approximated (jotes 
of a powerful electromagnet. The fiber or string is deflected by cur- 
rents induced in it. The string is so sensitive and delicate that it is 
deflectetl by very weak currents drawn frtim the surface of the bt»dy. 
It is usually made of an exceedingly fine quartz fiber coated with 
silver. Its thickness varies from .002 mm. to .(X).3 mm., its resistance 
from 15()0 to 7fXK) ohms. The electrtx-ardiographic apparatus which 1 
use — a standard tj'pe — is schematically shown and described iji 
Fig. Figure '^2 (Plate II) shows the apjiaratus set in positioiK 

Method of takhig an ElectrocardiogTam — the Three Leads or 
Derivations. — There are various methods of employing nou-polariz- 
able electrolier to conduct the potential pr<Mluced by cardiac activity to 
the galvanometer. One method consists in wrapping flannel bandages, 
each alxtut inches wide and 9 feet long, thoroughly soakefl in a strong 
warm salt stikition {(> oz. of salt to one pint of water), around each fore- 
arm and around the left leg of the patient. After these extremities have 




tioii current. (CoosideraMy mod- 
ified fntni Kraus nnd Nikolai.) 
Mu — parallpl fibcred muscle; 
C " penter point : 
•S " (Kiint of stiniulat inn ; 
Eu aoa-twIiiiiiHbli! electrodes. 
Minus siKiw over show that 
that nrpji htu be^mc ptectmncKti- 
tive when reached by tho contrao 
tion wuvc, :i[id that both onda 
thou tpmporarily pa»itivp. (See 
toxt.> 
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been covered by a few turns, German silver electrodes with binding 
posts are included in the folds of the bandage. These electrodes are 
6 inches long and 5 inches wide and are sufficiently thin and pliable 
to be bent and snugly applied. When patients can sit up, a simpler 
and more expeditious method consists in having three separate ve^els 




Fio. 31. — Scheme of rheostat and connection with the Kalvanometer. 
N, 8, are the North and South poles of the electromagnet activated by the storage 

batteries S-B. The latter are connected with the street current for recharging. 

Between the poles of .the magnet lies the silvered quarts fiber (the string), St. 
D.TJ I and D.TJ3 tl are double throw, double pole switches. 

C. R 1, CJi 2, C.R 3 are crank rheostats; each crank with 11 stops (including aero) 

arranged in banks as figured ; the ohms in each bank in multiples of 10. 
S.R is a shunt rheostat. 
P — potentiometer. 

D. C ~ dry cell with a voltage of about 1.3 volts. 

Each rheostat has a separate function. The resistance of C.R 1 is thrown in so that when 
put in circuit with the potentiometer by switch D.T.S I, the former indicates 10", a 
specially arranged, arbitrary figure which equals one milliampifere. C.R 1 is also in circuit 
with D. T.S II connected with the galvanometer. C.R 2 is used to test the deflection time 
of the string and to measure, if necessary, the patient's resistance. C.R 3 contains four 
banks. Each stop of the bank marked 2 is equivalent to one millivolt, and is used for 
the purpose of standardisation. The shunt rheostat S.R is used to reduce the sensi- 
tiveness of the galvanometer. 

After both forearms and left leg of the patient are put into salt solution (see text and Fig. 
33) they and the [K>tentiometer are thrown into circuit by the switches D.T.S II and 
D.T.S I respectively. The shunt rheostat S.R is then moved successively upon the 
stops in the direction of the arrow. The string moves a variable distance from the cen- 
ter with each stop. It is brought back each time by throwing in resistance from the 
banks of C.R 3. Usually resistance from bank 3 is sufficient. Occasionally bank 4 is 
required. Finally the tension of the string is adjusted and standardised by its milled 
screw, so that a milliirolt of current (C. R 3, bank 2) causes a deflection of 1 cm. The 
movements of the string are magnified approximately 600 times by the microscope 
(Jtf.Af) and then photographed upon a moving photographic film. In this manner 
tracings of various lengths ran be obtained. This is an important consideration, 
eapecially when studying cardiac mechanisms which arc only occasionally abnormal. 
A time-marker crosses the field every one-fifth second and this serves to standanUse 
events of the cardiac cycle. 

containing strong warm salt-water solutions. In each vessel is placed 
a porous cup containing a 100 per cent zinc sulphate solution and a zinc 
plate with a binding post. Thus electrical connection is established be- 
tween the patient and the electrocardiographic apparatus (Fig. 33, 
Plate III), In either case, binding posts are connected by wires, 
distinguished by varying colors, and are placed in circuit with the gal- 
vanometer by means of plugs and switches. The heart, in contracting, 
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34. — DiftgTAR] Ulustmtiag 
the three leads. 



gives rise to waves of electric potential which spread from their source 
over the entire body. It ij* theise that are conducted to tlie galva- 
nometer by means of the non-polarizable electrodes. There are thus 
tliree arbitrary directions of the current coursing through the heart, 
which correspond to the three extremities. 
These are the so-called " leads "or *' deriva- 
tions." The cxurent (Fig. 34) from the 
right to left arm {R.A-L.A), running 
chiefly across the base of heart, is the first 
lead or derivation ; that from the right arm 
(R.A) to the left leg (L.L), appro.ximately 
parallel to the long axis of the heart, is 
the second J sometimes called the " strong " 
lead; that from the left arm {L.A) to the 
left teg (L.L) is the third lead and draws 
off the current coming mainly from the left 
side of the heart. 

The photographic reproduction of the 
deflections of the galvanometric string dui^ 

ing the registration of the various leads constitutes the electrocardio- 
gram. While the electrocardiograms of no two persons are exactly 
alike — they may indeed be quite dissimilar — and while physiological 
difTerences varj' within wide limits, there is a general conformity to 

a normal ts-pe. A tjfpical normal 
electrocardiogram is schematically 
shown in Fig. 35, which represents 
the various wa^'es or deviations, 
and the approximate time required 
for each, when the heart is beating 
rhj*tiimically at the rate of 72 per 
minute. Each division parallel to 
the base line (the line of isop4>ten' 
tial) is equivalent to one millivolt 
(10~' volt). The electrocardiogram, 
that is, the registration of the dif- 
ference of electric potential, pre- 
cedes the actual cardiac contraction 
by^ibout .0'^ second. 

The Nonnal Electroc^diogram. 
— The normal electrocardiogram 
W'ill now be considered. The no- 
menclature I shall adopt is that 
first introfluce<l by Einthoveti and, 
with few exceptions, now in general use. Following the sequence of 
normal cardiac activity, the electrocardiogram is conveniently divided 
into that produced by auricular contraction, — the aiuicuUr complex, 




TtQ. 3fi. — Sehemntic m presentation of k 
typical elct'trDoardioKmiu, scroD^I 
Kach lion 2on t al »| Hire ntpusurcaouc mil- 
livolt. The urdiiiiite'^ mejiHiiw oju>-fiflh 
neconii. The form and wiit' of the va- 
rious deviutionji nrv iwn, us well aa ih© 
time ruquirpct for their fomiation. 
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— sltxA that by ventricular contraction, — the ventricular complejc. 
Animal txixrinientation and observations on the humiin subject with 
normal and abnormal rh\lhms, especially those with heart block 
ami auricular fibrillation, have confirmed the fact that the auricular 
complex (known as t!ie P wave) is causetl by auricular contractitm. 
Tins wave is tlirecletl upward, that is, it is electrically base-negative 
(biise-active) ; it is usually somewhat flattene<l at its summit. 
After reaching the base line it is succeeded by a short horizontal 
isoelectric tine, an evidence of quiescence of electric potential. The 
ventricular complex consists of the T deviations. The Q and 
S viiTy in size ; they are usually short, sharf) peaks directetl down- 
ward! {electrically, base-positive or what is the same thing, apex- 
negative or -active, " negati\'ity " and "activity" being synonymous); 
they may, however, be absent. IjCwis terms all downwanlly directed 
deviations S -^aves. I have followe<I Einthoven'.s method hy which 
the direction of H is tlerivcd from the formula R I — 11 Jl—li III 
(Chapter V). Based upon the electrophysiological facts already de- 
scril)e*l, this appears to give a more rational and less arliitrary reason 
for the names of the different ventricular peaks. The R deviation, the 
most prominent of all the waves of the normal clectnK-unliogramj is 
direrterl upwards a distance varying from 10 to 1.1 millivolts. A3 
measure*! at the base line, the time requireil for its formation ^'a^ies 
from .02 to .0.5 second. Because of the quick deflec-tion of the string, 
the R deviation appears as a fine line. The T wave slopes gradually ; 
the down stroke is somewhat thinner than tlie upstroke, the summit 
is broad and fiattentvl. The 11 and T waves are sometimes called the 
first ami second ventricular spikes, respectively. The U wave rises 
only slightly above the isoelectric line; it is not Hlways present. All 
curves are taken with a known deflection time of the string. The latter 
is determinefl by rapidly throwing in and cutting out a millivolt of 
current with the string tension at its usual standard (Fig. 3fi, Plate IV). 
The limit of accuracy for this deflection time is approximately .02 
second ; when slower, the string registers curves inaccurately flattened 
and low. 

Variations from the Normal Tjrpe. — The usual variations are ab- 
sence of the V wave; marked differences in the height of the R in the 
several lea<ls ; a split /{ wave with thick sides or summit ; abnormally 
large, flat, or diphasic T waves, especially in leads 2 and 3 ; a low, flat, 
or split P wave or its abiience in one of the leads ; deep Q and S waves 
and a so-called QBS complex (r/.u.). While the cause of some of these 
variations is known, the etiology of others ii; obscure or still in dispute. 

The Normal Electrocardiogram and its Interpretation. — A tyjncal 
normal electrocardiogram — three leads — of an adult with a normal 
heart is shown in Fig. ;17. The H deviation is tallest in the secftnd, 
the " strong " derivation (Fig. 34), which leads off the current in a direc- 
tion parallel to the long axis of the heart. Certain basic facts rej^arding 
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the electrocarfliogram are necessary to the reader in onier more readily 
to comprehend the differentre in size and direction of the deviations in 
the various leads in normal and abnormal hearts. The elcctrticarilio- 
gram h tlie graphic representation of the spread of the electrical impulse 
throughcmt the heart. 
With normal cardiac- 
rhythm, the peaks or 
deviations of the elee- 
trocartliograiL represent 
at any instant of time 
the total differences of 
electrical potential. The 
Q!{S and probably the 
T deviations are caused 
by the spread to both 
ventricles of the excita- 
tion Avavc along the 
aiiriculo-veiitricular junc- 
tional tissue. An up- 
wardly directed R peak 
denotes activity of the 
ventricular base relative 
to the remainder of the 
musculature. The course and the spread of the muscular contraction 
and of the electrical excitation waves are intimately connected, so that 
activitji- and electrical negativity are interchangeable tenns. This 
ma\'^ be proved esqjerimentally by placing two electrotles, one upon the 
right ventricle in front, the other upfju the apex; if the right ventricle 
is first stimulatecl, the R is deviated upward (base-active) ; if the apex, 
the resultant <leviation is downward (apex-active). 

Influences Affecting the Electrocardiogt&m. — From what has been 
said regarding raonopliasic and diphasic curves and tlieir fundament&l 
eleetrophysiological causes, it is evident tliat purely physical Con- 
siderations affecting a ct>ntracting — and therefore an electrically ex- 
cited — muscle may influence the resultant electrocardiogram. For 
example, let us in Fig. 30 conceive the muscle to consist of fibers of 
various lengths running in various directions, instead of being of the 
same length and parallel ; we should then expect some change in the 
electrocardiogram from the original simpler conception. If, in addi- 
tion, we imagine the muscle volume so changed that instead of an 
evenly cut straight muscle we are dealing with larger and smaller ir- 
regular masses, there will again be changes from the original monophasic 
curve. These physical consideratiom actually apply to the electro- 
cardiogram derived from the human heart. 

It has already been pointed out that the muscular architecture of 
the heart is an extremely intricate one, and that there are layers which 




FiQ. 37. — NontialcIeetrocar(ii(}Kram. L f, L II. L Jf! 
Bre the three leafis. Th«? darker ehatJwl nrilinat«a 
liieusiirie on*^fifth seftitid. The horizontal epncefs, ono 
miUivoit p-ach. The .S wave w scarcely di««>emil)Ie itt 
L III. The R wave is taUeat in i //. (Courtesy of 
Dr. A. E. Cohn.) 
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run in various directions from one chamber to the other (Chapter I). 
This phase of pure mass consideration as affecting and influencing the 
electrocardiogram has been admirably summed up by A. E. Cohn as 
due to the "disposition and volume of the muscular mass of each pair 
of cavities," Volumetric and mass considerations apply not only to 
the involA-ed architecture of the normal heart, but also to diseased and 
hypertrophied hearts. For example, it seems probable that the hyper- 
trophic process does not always, or perhaps not even regularly, express 
itself by hjTJertrophy of one chamber as compared with the other, but 
rather as a process affecting the fundamental c-omphcated muscle layers. 

AppljTng these considerations, it can now be understood how 
changes in muscular vijlurae and mass profoundly influence the size 
and direction of the electrocardiographic de\*iations. It is likewise 
evident that any classification based upon diiferences of disposition 
and volume of the cardiac musculature will meet ■with numerous ex- 
ceptions, the causes for which it may be impossible to fathom. Bearing 
these limitations in mind, the following tabulation is offereil in an attempt 
to clarify many of the causes for variations from the normal electro- 
cardiographic standard. 

Dispositioa aud Volume of the Tentricolar Mosculature as ASacting 
the Electrocardiogram. — 

A. Horizontally disposed (squatty) hearts. 

B. Vertically disposed (drop) hearts. 

C. Cardiac displacements. 

D. Congenital tlextrocardia. 
K. Phasic variations with breathing. 

F. Ventricular hj-pertrophy (left and right). 

G. Ventricular dilatation (left and right), 

H. Abnormal rwking motion of the ventricle, 

A. HorizonialLy DiffKjsed {Sqmtfy} Hearts. — ^If from any cause 
tJie heart lies abnormally flat upon the diaphragm, the ventricles are 
apt to be ' ilisp>sed ' with a preponderant balance to the left, as dia- 
grammoticall;*' ill ustrated i n I'ig. 3.S. D. In some cU nical cases of squatty 
heart, R IIP is either dwarfed or negative. Leaving the question of 
hypertrophy for later consideration, examples of squatty hearts are 
found especially in obeae, middle-aged individuals. Electrocardio- 
grams from several such patients are shown (Figs. 39, 40, 41. Piatt* IV). 
Cardiac sjinptoms arc rarely present. Fluctroscopic examinations (Chap- 
ter IX) reveal the ventricular mass lying flat upon the diaphragm ; the 
dome of the latter is less curved, and the diaphragmatic excursion is 
reduce»l in range. These factors are of importance in the etiology of 
the abnormal position of the ventricles. Gaseous distention of the stom- 

' The uumar&b ptaoed after Hna devi&tioofl refer to the latter in their respective 
laada. 
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FlO. 36. — EleetTDcardioKrani ahowiuK ^i^^ deflection time of the string. The poinrs 
A und fl are ahout ,02 of a serond apart. 




¥ia, 41. 



Vta, 3S. 40. 4]. — ElectromrdiograiDH of patj'enu with nomsl hearts and with tipcstiva 
R in LIll, la all theae {^uium tlio ventrieli.' Ity Ant upon the diaphrmsm. 
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Fio. 38. — Schematic representations showing the angles made by the direction of the 
leads with varying ventricular axes and the corresponding electrocardiograms. Al- 
though the ventricles are schematically of different sises, it is here assumed that 
the volumetric contents of both chambers are alike. 
A • normal heart ; 



B — left ventricular dilatation ; 
C - right ventricular dilatation ; 
D - left ventricular hyperbalance ; 
E — right ventricular l^perhnlance ; 
F — left ventricular hypertrophy ; 
O " right ventricular hypertrophy (elec- 
toocaidiogram as in C) ; 



H - block of right bundle branch ; 
/ — block of left bundle branch ; 
/ - left ventricular extrasystole ; 
K • right ventricular extrasystole ; 
L - change of position of the heart with 
inspiration and expiration. 
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ach may have a similar effect upon the position and action of the dia- 
phragm, and hence upon the position of the heart. 

B. VerticaUy Disposed (Drop) Hearts. — Quite opposite, theoretically, 
to the foregoing is the distribution of the ventricular musculature yrhen 
the heart is narrow and lies vertically in the chest. The assumed muscular 
axis is then diagrammatically represented in Fig. 38, £ ; RI becomes ab- 
normally small or negative. Clinically, patients with vertically directed 
(so-called "drop") hearts are apt to be young, tall, and gaunt individ- 
uals with loosely hung hearts. With the fluoroscope (Chapter IX) the 
entire organ appears narrow and graceful, and for the most part hidden 
behind the sternum. At times, the apex scarcely touches the diaphragm. 
An illustrative electrocardiogram is shown in Fig. 42 (Plate V). 

C. Cardiac DisplacemerUs. — The heart can be displaced, as is 
known, by pleural exudates, adhesions, mediastinal tumors, etc. If 
the heart is displaced laterally so that th^re is no disturbance of the 
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Fia. 44. — Orthodiaaropk tracing of Donn&l rhilii 
lyibR Od ila back {-■i ), left {B), and rijiht aide (f). 
rwpwtivelj-. 

muscular balance of the heart, the electrocardiogram dws not change. 
The latter is only affectetl when the changes in the cardiac position 
cause a change of the plane of electrical potential in relation to the 
fixed botly planes (represented by the "leads"). The effect of dis- 
placement can be best exemplified in children, and is illustrated in Fig. 
43, vl, B, C, which are the orthotiiascopic tracings of a healthy boy of ten 
lying alternately on his back, left and right sides. The tracings show 
marked variations in the dispjuiition and contour of the heart, mainly 
due to ventricular rotation and consefjuent foreshortening or lengthening 
of the cardiac outline. Another illustration of a mobile heart h Fig. 44 
(positions .1, B, C), orthrnliascopic tracings of the normal heart of a child 
of seven lying alternately on her back, left and right sides. Correspond- 
ing electrtK-ardiogramfi were taken {Fig. 45, Plate V. .1, B, C)- I" addi- 
tion to flight changes in the Q and S deviations, the heights of the R in 
the A, U. C positions varied as follows: licad /. li = 6^, 5», 6^ (the 
numbers refer to the number of millivolts of deflection) ; in Ivead //, 
R = 10*, 15», 16^'; in Uad III, R = t>*, \Z^, 

D. Cofificnital Dejrfnicardia. ^ As a corollar>' to tlie observations 
already made reganling the effect of change of the planes of electrical 
potential upon the electrocardiogram, it is apparent that congenital 
dextrocardia in the first, sometimes called the svanmetrical lead, will 
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produce electrocardiographic deviations exactly opposite in direction 
to the normal (Fig. 40). All the peaks are directed downwards instead 
of upwards 5 /J /// becomes taller than it //. Such an electrocardio- 
gram otfers indubitable proof of congenital dextrocardia and serves to 
distinguish the latter from acquired ripht-sidefl malpositions of the 
heart due to fluid in the chest, pulmonary tumors, pneumothorax, adhe- 
sions, etc. For example, Fig. 47 (Plate V) is the electrocardiogram of 
a patient with an acquired dextrocardia, in w hom the heart was drawn 
into the right chest by adhesions follnwing a right-sided pulmonary 
abscess and subsequent pleural fistula following operation. Fluoro- 
scopically, the heart was seen to occupy an area in the right chest (irac- 




Fio. 46.-^ Cqngenitftl dextrorardin. All the rlpvintinns arq directed dQwnwfirda, in L J. 

R III ia Wlicr thftii R IL 

tically identical with that of congenital dextrocardia. Since the heart 
had been pulled in a Uteral flireetion only, the electrocardiographic de- 
viations remained normal in direction. 

E. Phagic Vanation-8 trith lirenthing, — As the result of breathing, 
some electrocardiograms, usually in the second and third leads, present 
a rhythmic wuxing and waning, an increase and decrease in the size of 
the R waves. During fluoroscopy, I have often noted a marked varia- 
tion in the position of the heart during respiration (Fig. 38, L); it is 
sometimes sufiiciently pronounced to produce a movement of the apical 
portion of the ventricle through an arc of several centimeters. This 
shift is most evident in younger individuals with thin chest walls and 
large respiratory excursions of the diaphragm ; it is least in patients 
with fat alxloniinal walls and broad hearts. The heart moves with the 
base as a wroparatively fixed point. During inspiration there is a 
descent, in a chx-kwise direction, of the ventricular mass, especially 
of its apical portion. The heart tends to assume an erect position. 
The rise of the diaphragm during expiration produces a contrary elfect ; 
the left ventricle then moves anti-clockviise. These movements, when 
extreme, necessarily affect the rouscular disposition of the ventricles 
and alter the electnx-ardiogram. This is usually most noticeable in the 
third lead, proljably because the left ventricle is especially influenced 
by the respiratory phases. R III becomes taller during inspiration 
and smaller during expiration as the ventricular mass tends to assume 
a more vertical or horizontal position, respectively (Fig. 38, L). 
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Fio. 51, ^ Anevjrisnni] dili*- 
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Fio. 5;/. — -Aiirtjc sti-mj-.i>. Lt li ■ ; i' 'il;ir hyjicrtrfiphy. 
Neuativo R iu L III, Ventricul .r < \rM-,ystolB {Ei} ia 
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Flo, ii3, — Negiitivo vontrif'uhvr deviation III, From R caae 
o{ l«ft vouiricular hypertropliy aud aortic aoeuriiini, 
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Respiratory phasic variations are also found in patients with ven- 
tricular hj'pertrophy, but the cardiac excursion being ordinarily less, the 
phasic electrocardi- ^ 
ographit? variiitimi 
became curresporui 
iiigly limited. Fig- I 
urcs AS and 49 * 
(Plate V) are ex- 
amples of a mtxl- f"'- ■t^- — LIU- vtiriiiliipii witli brfijtliii4g. Not« Ihe 

' " . rfilT^'rept'c in sUe of the R ileviulionB, 

erate respiratorj' 

effect upon the size of the ileviations. Figure 48 is the electrocardio- 
gram of & stout individual witli a normal heart lying in a squatty 
position; Fig. 49, from a patient with left ventricular hypertrophy. 
XNTien R III is small, phasic variations may not only dwarf it but cause 
its final disappearance, as shown in Fig. (Plate VI). 

F. Ventricular Ilypcriropby — Left nm{ Highi (Fig. 38, F,G). — It 
has sometimes been a.ssuineil that negative R I and jjositive R HI, and 
positive /( / and negative R 111, are always indicative respectively of 
right and left ventricular hypertrophy. This observation has been 
pjirtly substantiaterl by necropsies. On the other hand, exceptions 
lia\'e been noted both at post mortem and as the result of clinical ex- 
amination. Some undoubtttl cases of left ventricular hypertrophy, 
for example, do not give the deviations assume^l for this ct>ndit!oii. In 
addition, it is by no means infrequent to find patients witli perfectly 
normal hearts, reciting normally "<lisposc«i" in the chest, who present 
the deviations suppose<lly typical of hj*pertrophy. It will thus be seen 
that there are many drawbacks and exceptions to definite conclusions 
regarding the existence of hvpertrophy base*! upon the direction of the 
electrocardiographic deviations. As a general rule, however, it will 
he found that in aortic disease with evident left ventricular prepon- 
derance. R I h positive and R III, negative. Examples are given in 
Figs. 51 and ,'j2 (Plate VI) and in Fig. 53, Occasionally, however, 
Rill is positive, even when left ventricular hjpertrophv is present 
(Fig. M, Plate VI). 

The electrocardictgraphic evidence of right Tdntricular hjpeitrophjr 
is best exemplifievl by congenital cardiac disease due to malformation 
of the pulmonary artery. This is illustrated by the case of a boy tif 17 
witli patent ductus arteriosis (Fig. 55, Plate VI). Both li 1 and if // 
are negative. Vpon the theory of mass imbalance affecting the electro- 
cardiogram, it wouhl seera that together, negative R 1 and R II are in- 
dicative of ver," marked right ventricidar hypertrophy'. The same 
theoretical consideration applies tn negative R II and R III as indicating 
extreme left ventricular hypertrophy, as exemplifieti in Fig. 56 (Plate 
VII), taken from a patient with aortitis, and clinical and fluomscopic 
evidence of extreme left ventricular hv-pertrophy. Infants and young 
children are also apt to have tlie electrocardiographic complex of right 
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ventricular eiilargemeot, because in thena the walls of the right ventricle 
are relatively thick. 

Cases of mitral stenosis do not always j^ield electrocardiograms in- 
dicative uf rij^ht ventricular hypertrophy, a condition usually associated 
with this lesion. Thus, Figs. 57 and 58 are from cases of marked and 
typical stenoses. In Fig. 57, the main ventricular deviation is negative. 
The li deviations in Pig. 58 are positive. Wliether the latter and sim- 
ilar apparently atypical clectrocar<liograms in cases in whom, cliiucally, 
right v entricular hypertrophy is assumed, are due to Sitmeof the factors 
already discussetl (abnormally disposed ventricles, ventricular dilatations 
or hypertrophy) or whether they may even be due to counterbalancing 
left ventricular hypertrophy, it is at present impossible to state. 

C yentriciilar Diiafuliuii {Fig. TiH, li, C). — Though hearts which 
are organically sound may oceasionall.v become dilated as the result of 

overstrain or of taehycartlial attacks, 
the term ventricular dilatation is here 
meant to apply to decompensated, dis- 
eased hearts. To a great extent, our 
clinical knowledge regarding cardiac 
dilatations, espei ially of one cliamher as 
contrasted to the other, or of dilatations 
as ditfereiitiated from mfxierate hyper- 
trophy, is meager. There exists, how- 
ever, some definite evidence that cardiac 
dilatjition following acute endwarditis is 
not uncommon in children. This subject 
has never been studied from the electro- 
cardiographic aspect, but, as with con- 
siderations regarding the effect of mass 
changcH, it seems probable that muscular 
redistribution resulting from dilatation 
< "111 also bring about changes in theelec- 
i ntcardiographic deviations. 

//. AbttormnI IStx'kiuff Motion uf the 
Ventride. — During the course of routine 
fluoroscopic examination of normal and 
abnormal hearts, I have encountered t>c- 
casional cases in which there was a sort 
of to-und-fro, rocking motion f>f the ventricular mass, with the ba,se of 
the heart acting as the fixed area. At times the entire mass, at others 
only its apical jMjrtion, was seemingly involved in this abnormal 
motion. It is possible that thh abnormal motility, ivhate\*er its cause, 
when sufficiently marked to disturb muscular mass relations, may well 
produce a change in the electrocardiogram. Its mechanism may be 
compared t(» that causing phasic variations with breathing {q,v,). In 
the latter, however, the motion is comparatively gentle and slow and 




Fio. 57. — Advanced mitrnl 
lar Sbrillatian ia prewnt. 




PiQ. 56. — HlpffiTJCHrrliriirram *ht)win^ iin iut'Prpjjiliit<?d extrusystolo (LJl, Ex). Rli 
nliiii^rmully wide, t!H[j4>t'i:ill.v in LI iimi Lilt. Thf* (Jirwtion of the H dovintiona 
in the viirious tea<I« iniiii'at.iia nmrkpd teft vpntricutiir hypertroijhy. Ti aiid 7'// ure 
ni-aiitivf. fjfoautnpd pvidetire of mynfiirditin. (Frotn ii pntieut with left ventrieulor 
hj-j)crtro[>hy mid luL'tic auouriMinul dil.itrdinii uf tin' cutirp thorurip iiorta.) 
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is not followed by a second rocking motioa, which is characteristic of 
the to-and-fro motion alluded to. 

The possilile effects of this type of abnormal motility will be men- 
tioned in connection with the M and IV complexes (q.r.). 

Asynchronous Auricular and Asynchronous Ventricular Activity — 
Split, Splmtered, and Notched !l and /' Deviations, and M and M Com- 
plexes. - In addition to variations in the electrocardiogram due to 
disposition and volume of the ventricular musculature, in which physio- 
logical synchrt>nous activity of the chambers has been assumed, there 
are conditions in which, for various reasons, there is a retardation of 
the excitation wave in one chamber as compared with its fellow. This 
is seemingly responsible, in the main, for many of the "split" and 
" notchetl " complexes. 

The normal ititference in contraction time between the two ventricles 
may amount to as much as Mi seojnd. If there is a slight retardation 
of the excitation waves in the ventricles, due to abnormal ventricular 




Flo. SS. — AdvBOCied mitral etenosis with auriculnr fibriilatioQ. All the R dcviiitioaa 



asjuehronism, it may account for the thickening of the R de^Hation at 
its summit (Fifj. 59, Plate VII), It may also account for various degrees 
of notchin^i at the apex (Fig. 60. Plate \'II). If the m»tching is extreme, 
there is a sharp division of the H peak into two similar components. 
When the latter are directe*! upwards, the complex resembles the letter 
M. The letter M is an appropriate term, I believe, for this composite 
wave {Fig. (il, Plate \'II). When the components are directetJ down- 
wards, the complex resembles the letter \V (Figs. 02, 63, Plate VII 1). 

Some of the complexes which I have termed M and W ha\'p been 
calle<l the QRS complex by Lewis. Because of the similarity of their 
components, many of these seem composetl of two separate fi devia- 
tie)ns with or without Q and S deflections. The A/ ami II' complex 
may be assumetl to be due to asynchronous Tenbricular contractions if 
the outlines of the waves are sharp, and if when nieasuretl at their base 
lines, they consume not more than twice the time required for the normal 
li deviation ; that is, a basic width of the M or IF of about .CM) of a second, 
(See Intraventricular Block.) Even when the individual deviations 
are small, the resemblance to the letters ,1/ and IF is sufficiently accurate 
to warrant their descriptive use, especially when qualified as " <lwarfed," 
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" fiat," or " low." These letters may thus serve to distinguish and 
separate many of the electrdcarcliograms found in the heterogeneous 
and somewhat confused QRS groups. While many of the J/ and W 
complexes are probably <lue to ventricular asynehronism, it seems pos- 
sible that the to-and-fro ventricular motion already deseribe^J iq.v.) 
may also be productive of similar complexes ; or even that a sharp 
twist of the ventricles durin^f contraction may disturb ventricular mass 
relations and produce a deep Q or S wave. I have observed fluoroscopi- 
cally sc\'eral instanctia of \eiitricidar rocking motion accompanied by 
M or jr complexer;, or deep and S waves. 

Similar in ctiok>pieal significance to the notched 7? are the notched 
or split P deviations (Fig. 64) which occasionally give rise to the appear- 
ance of two distinct undula- 
tions. Such complexes are 
[irobably due to r^ynchronous 
aiirieular contractions. A 
notched P is found most often 
in mitral stenosis. 

Inimpentricular Block. — 
Recently, Oppenheimer jind 
Rothschitfl have described a 
QliS complex in which the 
time required ft»r the com- 
pletion of this group was pro- 
loiiKtHl beyond 0.1 second, ap- 
y>roximately the normal limit. 
The if wave was abnormally 
broad ; instead of clean and 
sharp sides, it was slightly 
or considerably notched and 
broken. The waves were 
usually of low amplitude in 
all leads. These observers found this electrocardiographic complex 
in cases in which there was marked arteriosclerotic or cardiovascular- 
renal disease, usually associated with severe myocarditis. In four 
cases they were altte to comtborate the clinical picture by necropsy 
examination ; thin showed sclerosis especially in the endo<*ardiaI and 
subendocardial layers; that is, in the neighborhood of the terminal 
arborizations of the crmduction system. They believe the abnormal 
electrocardiogram is the result of intraventricular block, thus inter- 
fering with the normal and orderly spread of the electrical excitation 
wave throughout the heart. It should be jMiinted out, however, that 
hearts presenting the above clinical or pathological picture need not 
necessarily produce the abnormal electrocardiogram describe*!. 

G. S. Robinson has also reported a scrie.s of cases whose QliS 
complexes required .10 or longer for their completion (Fig. 6.5, Plate VII). 




(Courtesy of Dr. A. K. Cohn.) 
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These were likewise assunie<l to be due to derangement of intraventri- 
cular conduction from hindrance to the excitation wa\'e, either along the 
normal paths or at the normal rate. In most of the cases from whono 
the electrocardiograiija were taken there %vas clinical evidence of a pro- 
found disturbance in the muscular efficiency of the heart. 

The Wide R." — ^Both of the above tj pes of intraventricular block 
are characterized, as has been statetl, by a broken and notchetl complex 
comprising the QliS gnmp. In an entirely different eategorj' belong 
those cases that I have studied, in whom the li deviations are Donnal 
in shape and form, whose sides are unbroken and nut notchefl, and in 
whom there was no evidence of a bundle bramii lesion. The char- 
acteristic of my cases was the abuonnal length of time required for the 
atnjplction of the main ventricular wa\e. The normal time for the 
compk'titm ot the latter varies from .02 to .1)5 second. I have adopted 
as a standard a width of .07 or over as being an "abnormally wide R." 
A few ca.ses with their electrocardinprams are herewith epitoniizetl : Fig- 
56 (Plate VII) is from a patient who had general anasarca from luetic 
cardiosclerosis. R I = .12 second, R II = i)7, H Itl — .13. Figure tiO 
(Plate \'1I) is from a case of dilatation of the arch of the aorta and nn>d- 
eratc left ventricular h\i>ertrnphy ; the clinical diagnosis was cardioscle- 
rftsis. R I =A2, /f/// = .aS. Figure 07 (Plate VIII) is frtmi a 
physician of .'i3 who deveh>ped scarlatinal nephritis at the age of 15. At 
present tlie urine contains albumen and casts. The patient has the phys- 
ical signs and symptoms of raixlerate cardio-nephritis. R I ant! R II 
each equals .07. Figure BS (Plate VIII) is from a woman of 6M wlio. 
when first, seen, was suffering from anasarca from cardiova.scular-renal 
disease, lender proper therapy, she improve*! remarkably. R I = .{){>. 
Figure (19 (Plate VI II) is from a male patient of S/i suffering from hyper- 
tertiion and mwlerate cardiosclerosis, R I ,07. The electrocardio- 
grams of all these patients were taken fluring the stage of compensation. 

In all, I have observed 18 eases which preseiite<l an R width of ,07 
of a second or over. All of these cases showed unmistakalde signs of 
severe canliac disease, and at one time or another were dectimpensated. 
Clinically, most of the cases had h>T>ertcnsion and left ventricular 
hyijcrtrophy. Myocardial insufficiency alone was not the cause of the 
abnormally wide complex, for most of the electrocardiograms were 
taken when symptoms of decompensation were slight or absent. 
Ventricular dilatation, another pcjssible assumption for the abnormally 
wide H, can also probably be disregarrled for the same reason. Be- 
sides, in a series of decompensatetl valviilar ca,ses that I observed in 
whom ventricular dilatation was a marked feature, the R complexes 
were of normal width. 

Although the fundamental cause of the witle R in my cases is not 
apparent, it Is probably due either to 6t]a.f in the developmeilt t*f 
electrical excitation or to delay in its propagatioii. Since the complexes 
an' normal in form, the excitation wave has apparently followed a 



S8 CLINICAL CVRDIOLOGY 

* 

normal path in the ventriclos. Delayetl propagation seeras the more 
pr»»hahfe fat-tor. As iii intra %'entrifuJar bluek, severe cardiosclerotic 
disea-se b a^iHUmed to cause the notched and delayed QRS complex, 
a wide II of normal ishape but of abnormal width may conceivably be 
due to patches of myocardial thi(.keiiinp scatteretl throu^huut the 
ventricular wall in amountii sufBcient to impede and abnormally prolong 
tlie excitation wave. 

It should be mentioneil that I have studied the complexes of other 
cardiovascular cases who were clinically as ill as the " wide R '* cases 
but who presented no abnormally l>road complexes, The reason for 
this I have not been able to discover. 

Of the 18 cases studie*!, the R complex was rarely abnurinally broad 
in all leads. Since the first, second, anil third leads draw ofT the cardiac 
current from various directions, — namely, breadthwise, dinKmially. and 
le-npthwise, respectively, — one may at least hypothesize that the 
diseased myocardium lay chiefly in one cardiac plane, thus producing 
a wide H in the corresponding lead. In a general way, those cases 
which clinically showed the most myocanlial disease were the ones in 
whom the H complex was widest. 
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CHAPTER V 



MATHEMATICAL CONSIDERATIONS UNDERLYING THE 
ELECTROCARDIOGRAM 

In previous chapters, the fact was emphasized that the eiectro- 
caniiographic de\iation representee! the resultant of the differences of 
electrical potential existing at any given moment. The diagnostic 
significance of the direction of the li wave was also discussetl. The 
elemcntiiry mathematical principles, upon which differences in the It 
and other deviations depend, require brief comment. 

Stress has been laid upon the fact that the size of the R peaks depenfis 
upon the angle formed by the "leads" and the "eleetriciU axis"; the 
nearer tlie electrical axes approach parallelism to the leads, the taller 
tlie t'orrespondinjf peaks ; the nearer these approach a right angle, the 
smaller the peaks. The size of the deviation thus varies with the angle 
made by the lead and electric axis. In other words, the electrocardio- 
gram is raodifieti in each lead by the relation of the direction of the current 
to that of the leatl. Conversely, the angles made by these two lines 
may be computed from the difference in size of the deviations in the three 
!ead.s, 

Manilest Sise, — Einthnven has tliffercntiated the actual size of the 
deviati« ins, us reproduceil in theelectrocanliugram, from their " mftnifest " 
size or the " manifest " difference of electric potential. He defines tlie 
latter as tliat dimension in miUivolt> which is derive*! when the electrical 
axis and leads coincide; it is the ma.TiTnii.1 size of the electrical potential 
of the heart in that lead. The manifest size of any deviation is com- 
puted from the registered actual electrocardiogram. Eiuthoven and his 
pupil», Fahr and de Waart, have laid down mathematical principles by 
which it is possible to estimate the angles formed by the electrical axes 
with the leads. If, for purposes of simplification, the lines of the three 
leads be conceiveil as forming the sides of an equilateral triangle (Fig. 7(1, 
ii, L, F) and its middle point, //, represent the heart, the size of the It 
deviations In the three leads b obtained by the right-angled projection 
of the de\'iation3 upon the electrical axis passing through the point H. 

3a 
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From these, data are derived for the determination of the angle formed 
by the electrical axis and the leads.' 

Measurement of the Angles Made h; the Leads and the Electrical 
Axis. — If smaller angles be tlisi-irdefl and, fur purposes of elinicui ap- 
proximation, oidy those consideretl whicli are multiples of 30'^, the com- 
, ^ putation of El:E2:E'A (Fig. 70) is 

much simplified ; for example, 

When 

a= O^then £:i : £2: £3 = 1 : + .5:-.5 
a = 30°, then £ 1 : £2 : £3= 1 : 1 ; 
a = 6(f , then £ 1 : £2: £3= +.5: 1 ; -.5 
a = 90^ then £ 1 : £ 2 : £ 3 = : 1 : I 
etc. 

From these niunerieal proportions, 
the angle a ean be approximated within 
30^. The " manifest " equals the aetual 
size of H 1 (£1, Fig. 70) when a equals 
0**; of R2 (£2) when a equals (}0°, and 
of li 3 {£ 3) w hen it equals 120". For 
the exact determination of this angle^ 
tables are required. In the Appendix to 
this chapter iq.e.) there is ime table for 
approximation within Iff ; by the use of 
the second taiile (Interpolation Table) 
the exact anjile may be computed. For 
example, if H I equals 3.2, R 2 equals 
J2..5. and H 3 equal.^ 9.3, then £ 1 (/f 1) : 
£ 2 (fl 2) : £ 3 (li 3) - 3.2 : 12,5 : 9,3. 
To derive an approximation within 10° 
(Table I), 12.5, the tallest deviation, 

becomes the denominator, thus: -. 

12.5 

Substituting this fraction for 12,5 in the 
equation, we find £ 1 : £ 2 : £ 3 = 2.6 : 
10:7.4. Furthermore, from the same 
table wc note these figures determine 
that the ant;le a falls between 70° and 
SO"; and that E 1 between 70° and 80° 



Fio, 70. — {From Einthovcn, Fahr, 
and De VVanri — " L'etwr dio 
Kichiuus und MnniiVst GrocisHc 
der PotiMitittl.fch'wiinkunftPn,** ptr. 
Archive f.d. nL-s. Ph> ?(tolt>jrip, 
CL. :<()Sl. Thf rinh) and k'ff iirni.-< 
and loft fiMit (ctpMfftiatotI R,L, F, 
n'ojjeciirel.v) fffruri the angles of 
un ei|uilaterid triunj:te. The point 
H in if] ihe center ami reiirescrtit* 
the heart. If the arrow BA rep" 
resetn uny given pleotrioul imhs, 
(lie SDitle it fomiB with the first 
lend {fcLi he peprowtit/Hl by H. 
(ind any (riven length jtq lie riLlltYi 
B, the fishf ansEte prtijeefion of 
ttn tenjtlh will ftive ita <*cirre.'<l>nnd> 
iag viiUie in (he \'iimuB leiuji! : 
that U, in /> / it will eiiual E I : 
»nd L 11, E 2 and in L 111. E 3. 
The diit*nr«s El, E2, E3 ure 
prorxtrtionai, thnt i». El;E2: EA. 
Sinw any anele of un equilntertU 
Iri.'inKle id eijual tti tilJ", the fiillow- 
inp triKononielrit-al formula; *re 
derived : 

A" I = £■ COS It : 
E 2~ Enma - &tf>i 

EA - E2 - El. 
The formuU E3 " E'2 - E I w of 
R|H>cial ini|X)rtance. for. iriven (he 
heixhlJi of deviiuknw In »ay twti 
loana, the height of the remaiuitig 
peak may be dcm'ed. 



• {See atao legend with Fit;. 70.) To insuro tn&thematic^al accuracy it is neoes- 
Njy to meaflure the /?devialions at idcntipat phases of the heart, cydc. With 
this in view, t wo ffalvanonifttTs may Yv siiniultanoously emplov't-d ; one to rcconi 
saiind rctjordst, the other to rt'cord tho otwtrotuirdiopriims. The position of the 

R and S' in idt^ntieal cardiae phasos in thus delerRuried. Althoudh this method 
in nt'«'siiary for ab»ioluU* tn'curacy, urdess phasic? difft'rent'ea of the heart cycle 
prodiiri' iiiurki-d phatiffcs in lliB eleotrocaraio^ani, measurpmonts derived from 
the urdi)iar>' electrocardiogram are nifBcdeiitly exaoi for clinical purposes. 
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has a value between 3.5 and 1.8, a difference of 2.7. In Table II 
(Interpolation TatWe, Tiiird Column) the nearest approximation to tliis 
differeiife is 2.6, which is equivalent to 6' ; hence, a = 70° Hi- 6"* = 76*. 

As another example, suppose T I = A, T 2 = l.b, and 7* 3 = — 3.5, 
we then have the pri>portion E I: E 2: E 3 =4:1. 5: — 2.5. To 
derive approxiraatinn within 10° we multiply by the fraction 4 lielng 
the tallest deviation. Then E\:E2:E 3 = 10: 3.75 : - 6.25. From 
Table I, this proportion show.>^ that the angle a is between 0° and — 10°, 
and also that E 2 varies from 5 to 3.5. In Table II, its nearest approxi- 
mation i.s 3.S, an angle of 8°. Hence, a = 0° — 8° = — 8°. 

Since the value of the angle alpha can be computed, it is possible 
by trigonometry ' to determine the manifest size (Fig. 70) of the various 
deviations. 

In a schematic diagram by Pardee {Fig. 71), ba.'?ed upon the Ein- 
tboven conception of the leads forming a triangle with the heart in the 




Flo. 71. — (From H. E. Pardee —" Fortii of the Elettroeardiograni, " Journal of the 
American Medical Aasociution, 1914, 1311). a, h, r, reprcaeat the numerical 

value of thv doflectioii caused by nii ju-tion current in losde /. tl. HI, Te»p«?rtivcly. 
ti — a + c anij will dirpnced upwards or dowDwardi) ac>f^rdiiig of a and c aiv directed ; 
+ before the tetter aieniRoa an ujiwurd dcflcetioii ; - signilics a downward deflectioD. 

center, the angle a can roughly measured by fonceiving the direction 
of the electrocardiogfapliic current as lying in one of <) .sectors of (jfl*^ 
each. Thus, currents or electrical axes between + 30^ and + 90* 
(tlie normal segment) gix e + /M + 2 4- A 3. 



1 The formula} by which the value of E (the manifest size) may be derived are : 

cos a 
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Axes between + 9(7° and + 150° give - R 1 + R 2 + R Z 
Axes between + 150° and - 150° give - R I - R2 + RZ 
Axes between - 150° and - 90° give - Rl ~ R2 - RZ 
Axes between - 90° and - 30° give + 1 ~ R2 - RZ 
Axes between - 30° and + 30° give + Rl + R2 - R3 
These results are diagrainmatiaUly shown in Fig. 72. 
By these computations and methods, accurate knowledge of the 
direction and size of the electrical axis and of the electrical balance of 
the heart is obtained, but definite information regarding the origin of 
the excitation wave is not thus derivetj. A knowledge of the manifest 
size in conjunction with the electrical axis helps to diagnose the most 




Fio. 72. Duigtam showitig (he direction of the leuda with rumMitm (electrical uxea) at 
variotia itndei). Th<> rircle is cliviilod into sii suptnn of 60° each, Tiio (iirwtiun of the 
cunvntu is marked bv the arrow headm, the ventriPuLur deviAtioiui fur th« respective 
lendahy Rl. R2. R^i. 

likely point or points of origin of the excitation wave. By further am- 
plification and applications of the Einthoven formiilie, Fahr and Weber 
have concluded as follows : The deviation Q results from excitation in 
the neighborhood of the middle zone of the lieart : the papillary muscles 
and their environment. The apex of R is the resultant of excitation in 
the base of the heart, usually over it^ middle portion. This area is 
ordinarily to the left, but stimetimes to the right of tlie nitdiUe line. 
The deviation S in general denotes apical negativity ; the electrical center 
is usually to the left, but may be to the right of the median line. The 
deviation T is the end of the excitation wave. As a rule, it results from 
excitation of the ventricular base, to the right or left of the median 
line. 

It is thus apparent that the electrical excitation wave in the ventricle 
normally proceetls in the following sequence : the neighborhood of the 
papillary muscles, the base of the heart, the apical portion, and finally 
the basal area. 
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Table I 



Cbapteb V 



Table II 



10' 

20" 
30° 

50' 
60' 
70" 
80' 



10 



10 

10 

10 
8,2 
6,5 
5,0 
3,5 
1,8 



100" i 
110" 1 
120' i 
130 
140 
150 
16U 
170 



- l.S 

- 3,5 

- 5.0 

- 6.5 

- 8.2 
10 
10 
10 



-10 



- 170° 

- 160° I 
-150° 
-140' 

- 130" 

- 120" 

- 110" 

- 100" 



-30° 
-20" 
-10' 



- 10 

- 10 

- 10 
-8.2 
-6,-5 

- 5,0 

- 3,5 

- 1,8 



1,8 
3,5 
S.0 

S,2 
lU 
U) 
10 

1» 



6,0 



6.5 
8,2 

10 

10 

10 

10 

10 

10 



10 



-6,0 



- 3.5 

- 1,8 


1,8 
3,5 
6.0 
6.5 
8,2 



10 



8.2 
6,.-) 
5.0 
3,5 
1,8 


- 1,8 

- 3.5 



10 

10 

10 

10 

10 

10 
8,2 
6,5 



-5,0 



- 6,5 
-8.2 

10 

10 

10 

10 

10 

10 



3.5 
1,8 


- 1;8 

- 3,5 

- 3.0 

- 6,5 

- 8,2 



-10 I -10 



1^^ 



iMnsHniAnDii Tduu 



10,0 



10.2 
10.7 
11,5 
1U.7 
10.2 
10.0 
10,2 
lOJ 



11.6 



10,7 
10,2 
10.0 
10,2 
10,7 
11.5 
10.7 
10,2 



6.0 I 10^ 

10.2 
10.7 
11.5 

10.7 
10.2 
10.0 
10,2 
10.7 



- 8.2 

- 6.5 

- 5,0 

- 3.5 

- 1,8 


1.8 
3£ 

M 



- 10 

- 10 
' 10 

- 10 

- 10 

- 10 
- 8.2 
-6J> 



10.7 
10,2 
10.0 
10.2 
10.7 
11.5 
10.7 
10.2 



DUUeraneeii 
in DisrMK 


+ e 


in Dctnei 




0" 





10" 


m 


1 


4° 
6° 
8° 


0.4 
0.8 
1.2 
1,5 


8" 
6' 
4' 
2" 


11.3 
11.1 
11,0 
103 


10" 


1,8 


0° 


10,7 


II 


2" 
4° 
6" 
8' 


2.2 
2.5 
2.9 
3.2 


(JO 

4" 

2" 


10,S 
10.4 
10,3 
10,2 


10" 


3,6 


0" 


10,S 


III 


2° 
4" 
6" 
8' 


3.8 
4.1 
4,4 
4,7 


8" 
6' 
4" 


10. 1 
10.1 
10,0 
10.0 


n • 


m 







* These tables and the examples in the text were taken from Einthoven, Fahr 
and de Waart " Ueber die RiohtunKen und die Manifest Ori'tsse der Potential- 
■chwankuniiien, .... des Elektrokardioeramms." (Arch. f. d. ges. Physiologie, 
913. of. p. ^5.) 



CHAPTER YJ 



COURSE OF THE EXCITATION WATE 

By means of careful experjinental investigations based upon meas- 
urements of electrocardiograms led off from different parts of the 
cardiac surface, I^ewis clearly demonstrate<J tJiat tlie excitation wave iti 
the auricle spreads, ripple-like, from the sinoauricular node as a center; 
it foUows the chief auricular muscle bands which radiate from thia 
region, and spreadii thus throughout the auricular tissue and septum to 
reach the.l-F bundle. "The excitation wave appears in some pjirtsof the 
right auricle before some portions of the left, anil vice-versa " (IjCWis). 

The spreail of the ventricular excitation wave does not follow the 
anatomical arrangement of the masculature. After reaching the A~V 
node, it begins almost siraultsnenusly in different parts of an area 
supplied most directly by the right branch of the -1-1 bundle; this is 
the part of the right ventricular wall which overlies the large anterior 
papillary muscle; later, the remainder of the right ventricle becomes 
active. In the left ventricle the wave also follows a definite course. 
The earliest point to be excited is the vortex of the left ventricle or 
the extreme ai>ex ; about Yhf sec'ond later 4.he neighlwring points are 
activated ; excitation of the remainder of the left ventridc is almost 
simultaneous. The cardiac base is usually last affected, and its activity 
is practically coincident with activity in the conus region. Since some 
ventricular areas are excited simultaneously, the ventricular wall must 
be reached by simultaneous impulses traveling along a large numlx-r of 
paths ; by experiments, these have been shown to be the Purkinje fibers. 
But some parts of the ventricular musculature not supplied by free, 
branching Purkinje strands {e.g. the conus region beneath the pul- 
monary valves) are activated very enrly. This is accounted for by the 
thinness of the ventricular musculature in the region of the right papil- 
lary muscle. The var^-ing thickness of the musculature also accounts 
for excitation reaching the thinnest area first and later the thicker left 
ventricular vortex. Excitatifm is found to travel extremely rapidly 
through the conduction system. In brief, then, the excitation wave 
appears almost simultaneously along the interior of both ventricles. 
The activation of the ventricular suriface is only partly dependent upon 
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its distance from the Purkinje fibers ; it is mainly controlled by the muscle 
thickness overlying the latter, for the excitation wave is conceived as 
appearing on the surface by directly piercing the musculature. Thus, 
by a different method, a result similar to that of Fahr and Weber has been 
reached regarding the course of the ventricular excitation wave. 

(4) V.\EIATI0N3 OF THE T WaVE 

(See Classification, Chapter V.) 

The T deviation is normally monophasic and directed positively 
(i.f. upwards) in the three leads (Fig. 37), its height varv'ing between 2 
and 3 millivolts. It is occasionally quite tall (Fig. 73, Plate VIII) and 
sometimes exceeds in height the corresjwnding ventricular spike (Fig. 74, 
Plate VIII). Not infrequently, it i.s deviated dowtiwartis in the third 
lead (Fig. 75, Plate VIII). The clinical conditions in which the T wave 
is diphasic or deviated downwards in the first or second leads are only 
imperfectly understood ; hence, inferences drawn therefrom are for the 
present only tentative. 

A positively deviatetl T denotes that the excitation wave has entered 
the ventricular base (Chapter \*). In a numVjer of c-ases of heart disease, 
especially of the myocardium, T I, T II, or both, m&y be small or nega- 
tive (Fig. 50, Plate VLI; Fig. 76, Plate IX), indications of an abnormal 
termination of the excitation wave in the ventricle. Much diagnostic 
significance has been given to these negative T deviations, especially 
since Einthoven regarded a well-marketl positive JT as a sign of good 
cardiac contractilitj", and its absence, or diminution, the reverse. It is, 
however, now known that the T wave may be absent in normal, and be 
very well markc"! and pcjsitive in tliseased, hearts. 

Effect of Digitalis on the T Wave. — It has recently been demon- 
strated that digitalization of a patient with heart disease may convert 
a positive T to a flattened or negati\'e wave. Though this may be partly 
due to muscular ventricular reflistribution as the result of relief of decom- 
pensation, the chief factor is probably alteration in the contractility of 
the heart muscle. Pharmacological experiments in frogs and mammals 
have shown that digitalis prrxluces diminished diastolic relaxation of the 
apical region. In the toxic stage there is systolic standstill of the apex, 
while the base relaxes in diastole. It is possible, therefore, that similar 
influences affect the digitahzetl human heart, producing continued 
apical activity and thus a negatively deviated T wave. The usual 
effect of digitalis administration on the T wave may not become evident 
until atropine has been injected. Atropine apparently unmasks and 
removes the inhibitory effect of the drug; thereafter the full influence 
of cligitatis on the heart can be observed. Some years ago, Einthoven 
made the observation in one case that as the result of exercise, a nega- 
tively deviated T III in a normal heart became positive. It has also 
been recently demonstrated in a few cases that a negative T in decom- 
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pensated hearts may become positive with restoration of compensation. 
The change is probably the result of nerve influence occurring during 
exercise. This view is based upon the fact that exercise is accompanied 
by accelerator excitation, and that various experimental observations 
have shown a definite correlation between accelerator stimulation 
and the size of the T wave. It therefore seems probable that a positive 
T produced by exercise, or by the restoration of compensation, is due 
to a neurogenic influence acting upon the ventricular base. WTiether, 
under these conditions, a positive T is to be regarded as a favorable 
change is an ojjen question and awaits further corroboration. Hence, 
clinical inference respecting its value should for the present be guarded. 
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CHAPTER Vn 

THE ARRHYTHMIAS - THEIR POLYGRAPHIC, ELECTROCAR- 
DIOGRAPHIC AND CLINICAL RECOGNITiON 

The passage of the normal impulse, as exemplified in polygraph ic and 
electrocardiographic tracings of the normal rhj'thmic cardiac mechanism, 
has already been describe*!. We shall now treat of those abnormal 
mechanisms knavvii ascardiacarrhji;hmias and irregularities. A. E, Cohn 
has succiuctly grouped the arrhythmias as coming under variations of 
a few fundamental normal functions. He states that canliac irregulari- 
ties arise from the abnormal passage of the impulse, from abnormal 
sequence of contraction of the pairs of chambers, and from abnormal 
cobrdmation of the muscle mass. So far as possible, these basic consider- 
ations ha\ e been incorporated into my Tabulation of the Arrhythmias. 
As will be seen, I have grouped almost all the arrh.vthmias as due to those 
arising in the auricle, those arising in the ventricle, and those arising 
in the specialijsecL tissues, the sino-auiicnlar and the auriculo-ventricular 
nodes. 



TABULATION OP TYPES OF ARRHYTHMIAS AND CARDIAC 
IRREGULARITIES 



A. AdUCDLAB 

AjiRBVTBiaAS 



II. 



HI. 



f from the nortno/ site. 
Auricular Gxtrasystolcs I from an ahnotrntd site (efr- 
\ topic). 

Paroxysmal Tachycardia of A urtcu/ar Ori^n. 

(I) Aurieialar FibriJlatioD. 
(2) 
(3) 



Aurieular Incoordina- 
tion. 



Auritiular Flutter. 
Incoordination intfrm&. 
diate between FluttOT 
and Fibrillatioe. 



A\ Nodal ExTHAsTaTOLEs. 

Ventricular Extrajiystoles (from Right or Left Ventricle). 
In ter|)olalf>d Ext ra-systoles. 

Automatic Ventricular Activity-Vcntrioular Escape, 
Paroxystmal Taohycardia of V'enfricit/nr Origin, 

VentrieuUr Ineoordioatiooj g> ^^t^^ Se'HilfJSS: 



Ventkic- 

CLAR 

Arrbvth 
MiAa 



1. 
II. 
III. 

IV. 



C. Trub Bradycardia. 
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I. Disturb&nce in 



(1 ) Sinus Airhythmia or Irregularity. 



D. AUKHTTBinAS 

Pbodfced 



the Sino- 

auricul&r 

Kode 



(2) Sino-auriculAT Block ^Sinua 
Block). 



[3) Blocked Auricular Beat. 



(I) Frolonged Conduction Time. 



BT Abnor- 
mal Sb- 



(2) ShortPtit^ Conduftion Time. 



(3) Backward Coaductioo. 



00£!>iCe OF ' 
CONTRAC- 



II. Disturbaae* ia 



Atrio-ven- 

Irieular 

Node 



(a) Incomplete 
Heart 



TION OF Ad- 
RICLE9 AND 
VeNTHlCLES 



(4) Auriculo- Block. 

\-enlrio- (6) Complete 
ular Heart j Heart 
Block Block 



(Dissocia- 
tion). 



It 13 the aim of graphic methods to exactly transcribe the cardiac 
mechanisms, normal and abnormaJ. It has always been the aim uf 
progressive clinical medicine to adopt and adapt the knowledge gained 
by the use of exact instrumental methods for immediate use at the bed- 
side, where instruments may not be available. It is thus that, in the 
li^ht of knowledge gaine<l by a carefid study of the graphic methods, 
and with a full appreciation of the physiological pathology involved, it is 
possible to diagnose most tJTjes of arrh.\"thinia by ordiuaiy methml;; of 
examination. For this purpose, the stcthmcope should be placed over 
the cardiac apex and the finpers kept on the pulse ; the neck should be 
carefully scrutinized for jugular and carotid pulsations (a and c waves). 
The value of keen observation will be discusse<l in connectiOD with the 
clinical recognitioti of the arrhythmias. 



Some prelirainarj' obser%'ations regarding the • general nature of 
extra-Hystoles — auriciUar, \'entricular, and nodal — are required before 
their various tyjjes and instrumental and clinical recognition are dis- 
cujs»ed. 

(Contractions of auiicle or ventricle which anticipate the normal 
rhythmic time of their rxvurrence and disturb the normal rhythm are 
known as eztrasystoles or premature contractions. Fundamentally, 
the normal passage of the impulse is disturl>e<l. Extrasystnles were 
formerly termed ' pulsus bigeminus.' The term ' premature i-ontraction ' 
Is prefcridile because it so aptly describes the phenomenon. Extra- 
systole is in A sense i\ misnomer, for the contraction is not 'extra ' or 
additional ; it is simply anticipatr>ry. However, since ' extrasystolc ' is 
commimly used, it will l>e here employed. If extrasystoles recur at 
regular intervals after cacli normii! ticat, the resultant rhj-thm Is known 
as coupling, coupled rhythm, i>r coupled beats. 

There are certaiti cluiractcristli'S. as l^ewis has pointetl out, which 
diircrciitiivtc the prcmiiturc from the normal cfmtraction. The physio- 
logical or bomogenetic beat is one of a series of similar rhythmic coutrac' 
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tions ; the contractions are equally spaced ; there is an orderly building 
up of impulse formation which requires at least one lialf second for each 
beat. This power of rhythmic impulse formation resides chiefly, if not 
entirely, in the specialized tissues uf the sino-auricular node, of the 
atrio-ventricular node, or in the bundle of His (Fi^, 77), Regarding the 
premature, extrasystolic, heterogenetic, or pathological contraction, 
vvlietlier single or multiple, there is an exceedingly rapid, abrupt, or no 
impulse formation. Ventricular extrasystoles, for example, may follow 
each other at inter^'als as short as .25 second or lesa. Extrasystoles 
are further differentiated from normal beats by their prematurity and by 
their lack of rhythmic tendency ; even when multiple or occurring in 




Fig. 77. Fto, 78, Fia. 78, Fio, 80. 




Fig. 



Ftoi. 77-82. — DUgnuns pbowlnii tho origin of phyuoloEieAl and pAtlMtlogicai coolracMiotu. 
Plo». 77-78. — S-A — Bino-aurirular nud<? ; 

A-V ^ purl ill titt utrtn-vcntriculsr conduction Ryfttpm. 
Fio- 77- — XX «hows the (irif;in of homoKenvtic beat in tiiQ aibUB rvgion with Dormal 

propacntkin in the iun<:tional tissue. 
Fm. 78. — X " vptitrifiulareitraBj'Btole — het^rogeneoiufetopiF beat. 
Fio. 79. — A* - uurif iilar cxtraayttole — - botcrog^neous ectopic best. 
Fio. 80. — X = nodal extrnaystole. 

Fio. 81 show* the disturbance in rhythm with » premature auricular contrnrtion, 
Fia. 82 shows the diBturbiiii?e in rhythm with a pretnnturc vcotriculur rati true titiia. 

K 
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showers, the rate of production is usually maxinial. There is no reJatton 
bettt een the heightened activity of the physiological heart rhjthraaud the 
prevalence of extrasystole-s. Often, influences which depress the one 
favor the occurrence of the other ; such an example is chloride of potas- 
sium in the cxTM'rimerital animal. Premature contractions bear a different 




Piii. S3.' R - rhythmic boat ; CP ■ compensator}- pau;se; 

f* - cilraajstote ; li' - latgier post ortrMjstolic beau 

the juifular traHnc, the premature wave it* b aynrhmnous with r*. Its fool-point ia 
ileleniiitted by mensurinit ofF with di\*idi?rB the ilistfliipe Hr' (mm the preeediHK rhythmic 
f (iir" = cc'}. The iiuficubr beat A is not prenialurv. It falls nt its rhythmic (itnc ; 
hence, the intcr-miHrular distnijfe a~A' ia cqu:iJ to the nnrnial beat (Ri. A cx-curB bti- 
ton the w»ve has coniplet<?d it« fall, henw the abnarniol *i-idth of the cionibint*d c'A. 
The A wave is often not indicated as a distinct part ot the c'.-l bccausi; it may be lost ia 
the mOK promiuetil' f wave. 

relation to the cardiac nerves than the normal beats ; for instance, 
gradually Increased right vagus stimulation retartls the normal rhj-thm ; 
it has no elTect on, or produces abrupt c-essation in, a series of premature 
contractions. It can be elect rocanliographically shown that the latter 




Fio. 85. 



FtO«. S4, 85. — VeDtricular cxtra^j'stolfs with typical comp«iiBataiT puuM. 

rarely ori»,nnate from the normal rhj-thmic center. Finally, the nearer 
the physiological beat originates in, and approaches the vicinity of, 
the superior vena cava, the faster the rhj-thin. This law does not 
apply to extra.sy stoles ; their ratt; does not depend upon their origin 
in uiiricle or ventricle. 

PrenutOTd beats (Figs. 7S-S2), because of their inherent weakness 
or ljcLiiu.se the wave is not properly directed against tlic uortnl cusps, 

^ la all tbe polygrspbic tracitiKB, the time-marker measures i seeoad. 
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afe occasionally 'frostrane' or 'abortiTe'; that is, they either Ho not 
open the aortal cusps or do so too slifilitly to prcKluce a palpable radial 
wave. These frustrane contraelioiib are sometimes termetl ' nii&sed 
beats,' an evident misnomer, because ventricular contractions ilo actually 
occur, but the blood is not propagated as a pulse wave. Not only may 
abortive contractions escape palpation, they may even be too minute 
to be seen in radial traeings. In such instances the phlebogram shows 
the usual evidence of premature contractions (Figs. SO, c', 87c') ; the 
method of seeking the point of incidence of the rhythmic aurictdar 
beat has already been shown (.1 wave. Figs. S;3, Hi, So). 




Fill. S7. 



Fioa. Sfi. S7. — Vflntricwlar extrasystolen with e" in the jiigular but no representation in 
tli« rBriiAt traoing. X tii&rka the point where the eitraiiyittole should have produced 
a pulse wave. 

Heterogenetic beats, single or multiple, that originate outside of the 
sinus region have been called " ectopic '* contractions (Lewis). Auricular 
extrasystoles are usually ectopic, hut this can only be demorb^trated 
electrocardiographically by the difiereuce in the foim of the abnormal 
auricular complex (P waves, ("hapter IV), " [Ectopic " auricular con- 
tractions, that is, those arising from an abnormal site, are not necea- 
sarily premature in their occurrence and hence may mtt lUsturb the 
normal rhythm. 

\\lien auricular ertrasystoles arc present, the ventricle usually re- 
sponds to the premature auricular contraction after normal conduction 
time. 

As may be seen in the polygram, auricular extrasystoles proiluce 
radial waves of \'arying size and strength ir'. Figs. 8S. S9) ; frustrane con- 
tractions are comparatively rare, llie auricular extrasystole in the 
jugular tracing is usually marked by normal conduction time between it 
and the answering beat {a', c'. Figs. 8S-S9) ; the conduction time, how- 
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ever, is occasionally diminished (a', Figs. 90-91), or that of the succeed- 
ing beat, increased (Fig. 92 a). Extrasystoles are sometimes multiple 




Fio. 89. 

FiOB. SS. — Auri«?ular extraBystolM. The auritulAr bent a' U premature and ia followed 
by tho f wave. The t wave of the rhythmic beat has falko with a'. 

(Figs. 93-94). If the first one is registered in the radi^ curve, the latter 
resennbles coupled rhythm ; the jugular tracing will then reveal the 
frustrane extrasystoles (Figs. 9;^, a", c", 94, a", c", a"\ c'"). 

As seen in the electrocardiogram, when auricular extrasystoles 
originate in the pacemaJdng area, in the normal site, the complexes 
are identical in shape with those of the normal ; the only distinguiiihing 
feature is their prematurity. The ventricle usually re*!poiids after a 
normal P-R interval, and its complex is the same as the other rhythmic 
beats because it follows the normal path in the conduction system 
(Figs. 95, 9(>, 97, Plate IX). The premature auricular contraction often 
falls at a time when its complex is superimposed upon the T wave 
(Fig. 98, Plate IX), so that upon superficial examination the P wave 
appears absent. Careful scrutiny, however, indicates that the com- 
posite P-T wave is somewhat taller and thicker than the P wave alone 
(Fip. 97, Plate IX). Ectopic auricular contractions which originate in an 
abnonu&I sitfi outside the sinus area show their origin by change of com- 
plex. This is well exemplified in Fig. 99 (Plate X), which demon- 
strates beats starting from different ectopic foci (.1, Ex. 1 ; A, Ex, 2) ; 
the abnormal complexes are deviated upwards and resemble the normal. 
This probably indicates an origin close to the pacemaker. It is tti be 
noted that the ectopic beats are neither premature nor are they followed 
by compensatory pauses ^ the only feature differentiating them from the 
normal is their flifferfrice in form. 

CUmcal Eecognitioa of Extrasystoles (Premature Contractions). — 
Isolated extrasystoles which arc followed by compensatory pauses are 



\ 76. — EJectrtj- ir li' .:i ini sliriwirnf (Jiljhasil- TI. iiPBiitivc 77/ nuti Til!. From u 
; nt with hyporlomiidH and jtiyoranJitis. 
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KlO. 95. — .\uricul;ir i iiTU.-^j .-tote-'. 
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Fio. !>7, — Atirirular eilni9ystoir<« sittn'rimixisiH] utwtti t(w T wave (iTP'l. The [>reitiK- 
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Fta. 08. — Auricular «xtnuy>tale slioHruiK lIm auperponition of P anti T wftVM (P"}^. 
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easily diagnosed; when interpolated, their recognition is more difficult. 
If the premature contraction is frustrane, that is, if its course in the 
ventricle is improperly directed or not sufficiently powerful to open the 
aortic valves, there is no corresponding pulse beat at the wrist; other- 
wise, the extrasystole causes a stronger or wea^^e^ j>u]se. At the heart 
one or two sounds of varying intensity accompany the premature con- 
traction. If the extrasystole opens, and the aortic valves subsequently 
close, a premature first and a premature second sound is heard ; if the 
ventricular pressure remains lower than the aortic, a premature first 
sound alone is heanl. Only rarely is this sounfl too faint to be audible. 
"While gruphic methods of refcistration are required to determine the 
exact length of the compensatory pause, distinct shortening of the latter 
is readily determined by palpation at the wrist. Market! differences 
in the duration of the compensatory pauses characterize auricular, 
rather than ventricular, extrasystoles. The likelihood of a premature 
contraction being auricular is iucreaaetl if it produces a fairly strong pulse 
beat ; the weaker wave is more characteristic of a ventricular premature 
contraction. It is occasionally possible to distinguish auricular from 
ventricular extrasystoles by observation of the jugular pulsations, for 
in tlie ventricular type a large summation wave (corresponding to the 
polygraphic a anil c' waves) may occasionally be seen. 

Coupled Rhythm. — Its diagnosis rests upon the clinical recogni- 
tion of regularly recurring extrasystoles. The distinction from coupled 
rhj'thm accompanying auricidar fibrillation depends upon the clinical 
characteristics of the latter (q.ii). 

Irregularly occuiring extrasystoles of varjing force in a heart 
beating rapidly are most apt to l>e confused with auricular fibrillation. 
Tlie only diiferential guide is observation uf the jugular and of carotid 
beats; even here, dilferentiation is often impossible because of the 
rapidity of the pulsatile waves which makes it e.vtremely difficult for the 
eye to decipher them. 



A II. Paroxysmai. Tachycardu op Atrniccii.AR Origin 

Tlie term Simple Tachycardia should be applied to the common 
acceleration of the normal sinus rhythrn; the mual ventricular rate is 




Fuj. IW. Fio. 101. 

Fiua. JOO, tOl, — V'arj'iriK %'eiilricular nit«s from k obm of nophthnlinic RDtter recorded 
on different dnya. Wln<ti (hp rnt* i» 150 pft minule (Fig. 100), the a~c interval is noi^ 
mal. When the rjitt- it 22a (Fig. 101), the a-c int«rviJ m aliBhIly diminiahed ; the dia- 
•tole 13 entirely aboliabcd. The a wave fuUa with the i ol the precediug bent. 
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Flo. 102. — ParoxyBiuol tafhycaj-ilia, Oii- 
BCt uiid offset not rerordpd. shortened 
conduction time. The a wave fdlto with 
the prc(T?rIitij{ c 




RADIAL 
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bet\veen 110 and 130 per minute. Paroxysmal tachycardia of auricular 
origiii consisits essentiaUy m auricular ejctrasystok-s coming in attacks. 

It is accompanied by an extreme, 

abrupt acceleration of the normal 
rhythm, with an abrupt termina- 
tion JinJ return to the normal. It 
may la.st minutes, hours, or. more 
rarely, days. Like the single au- 
ricular extrasystole, it is basically 
due to abnormal passage of the 
irapidse. Graphically studied, the 
attack is seen to begin with a definite " onset " and to end with 
a definite "offset." Typical attacks are initiated and terminated by ex- 

trasystoles. The ventricu- 
lar rate usually varies from 
170 to 20O per minute. The 
rapid heart action of simple 
and paroxjsmal tachycardia 
is usually at the expf>nse 
of diastole (Figs. 10l)-l!)2). 
The conduction time as well 
is occasionally diminished 
(Figs. 102-lOG). Id a large 
proportion of cases of ex- 
ophthalmic goiter, I found diminished auriculoventricular conduction 
time despite the fact that ventricular acceleration was not extreme 
(Figs. 106). 

Studied electrocardiographi- 
eally, it is found that the par- 
oxysms usually originate from 
an ectopic auricular focus. When 
the change in the auricular t-om^ 
plex is not markefl, an origin 
close to the normal 
siims area is as- 
sunietl. When de 
viateil negatively, it 
indicates an origin 
in the lower pjirt 
of the aurtcnlar 
musculature. 

Clinical Becog- 
nitioii of Simple 
Tachycardia and of Paroxysmal Tachycardia of Amieular Orifin.— 
The fiirmer refers to rliytbmic puJse and ventrirular action at tJie rate 
of about 120 or more per minute. Its recognition is usually simple. 



Fro. 10.3. — ■ Eiophlhalniic gnitor. Ventricular 
rat*, 130 pfr tninulc. Very mueh ehortened 
ctmciiii-tiou timp {o-p interval) i1e«j>ite onJy 
niwlernu; accelcratkm (siitifile tuchj'curdiii). 




Fiu. l(>.j. 

Fioa. lOt, lOfi. — ^ Exophthalmic Roiter. V«ntrirulnr rule, 
12<J per cuiDute; simple tjichycardia ; shurt«tii<<I a-c 
interi'al- 
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It may be confused with the rapirl heart action of auricular fibrillation, 
but the pulse of the latter will be found arrhythmic upon longer or 
shorter observation. Paroxsrsm&l (auricular) tachycardia k recognized 

by its chiiracteristit.' onset and offset, 
an extrasy&tole with its eompen- 
satorj' pause initiating and complet- 
ing the typical attack. These data, 
however, can rarely be obtainetl by 
direct clinical obser\ation. In most 
instances we shall have to depend 
upon the h£stor\' of a sudden be- 
ginning and termination of the at- 
tack; in addition, we may obtain a 
fairly accurate description of the oc- 
currence of an extrasystole by such accounts as : " The heart stops for 
a moment," or: "There is a momentarj' faint feeling in the chest 
before or after the palpitation." Immediately or very soon after the 
attack, moderate tachycaniia or even extrasystoles can often be evoked 
by such maneuvers as rapid breathing, exercises, sudden change of 
position, etc. 

The differentiation of paroxysmal tachycardia from auricular flutter 
(^.r.) and from the tachycardial attacks accompanying auricular fibrilla- 
tion ig.v.) will be discussed under those arrhythmias. 

A III. AuiuctiLAK Incoordin.vtion 

It will be noted that the three types of arrhjiJimja to be described — 
fibrillation, flutter, and the intermeiliate form — result primarily from 
uuficiilar Incoiirdination. .\n extreme degree of inchoate auricular 
activity results jn auricular fibrillation. When incoordinate activity 
is less marked, it results in auricular flutter (or awicular tachysystolc). 
There exists, also, an intermediate form. 

A in. (1) AuRictTLAK Fibrillation 

This constitutes approjcimately three quarters of all kinds of arrhyth- 
mias. VVc now know that the great majority (*f cases which Mackenaie 
called mxlal rhythm belf>nff to this category. WTncn auricular fibrillation 
is t^*pical. ventricular activity h completeli' irregular in rhythm and 
force, so that no two successive tieats are alike. If intluced experimen- 
tally in animals, the auricles show irregular tremulous fibrtllating activ- 
ity ; sometimes and in some parts of the auricle the fibrillation is fine, 
and at other time^ ami other places it is coarse, There is no unity in 
auricular contractility, although occasionally waves of fibrillation pro- 
ceed with a fair degree of regularity over the entire musculature. The 
auriculo-ventricular conduction system is bombarded, as it were, by 
numerous irregular impiUses, only some of which can pass through the 




Fig. 106. — Exophthatmit* goiter. Vcn- 
Iriculor rate, 130 per minute; siiuplo 
tachycaxdia ; a~c considerably de- 
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Flos. 107-120. — Diffeient typw of polygnuns of auricular fibrillation. -The radial 
tracings show varying degrees of irregularity of rfasrthm and force of the pulse beats ; 
some are grossly irregular (for example. Figs. 108, 114, 117) ; others more nearly ap- 
proach the normal pulse rhythm (Figs. 113, 118, 120). The pugular tracings are of 
the most varied types. Their pathognomic characteristic is the absence of the 
ritythmic a wave regularly preoedmg the e. Small waves preceding the c are some- 
times observed (Figs. 107. 108, 110), but their incidence and sise are irregular. . The 
« wave may be apUt (Figs. 115, 110) or may form a combined wave with the • (Figs. 
118-120), especially when ventricular action is slow. 




Fia. 112. 
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junctional tissue and excite the ventricle to irregular and discordant 
resptjnse. 

The polypum corresjjonds to the pathological physiolo|zy just 
described. In typical instances the radial tracing shows gross and 
complete irregularity in tlie force and rhytlirn of the radial beats; in 




FlO. 118, 



the jugular, the representative of orderly rhythmic auricular contrac- 
tion, the a wave, is absent (Figs. 107-121). It is said that fibrillation is 
sotuetimes sufficiently coarse to produce small fibrillary reflux waves 
in the superior vena cava and jujEfuJar bulb ; these are then indicate*! in 
the tracings as irregular wave-like lines. When found in mitral stenosis 
with a marked diastolic thrill, it seems to me that such fibrillary waves 
may be due, not to auricular fihrillatinn, but to turbulent diastolic ven- 
tricular eddies propa^tcfl a,s small waves from vibrations of the stiffened 
mitral valves, through the heart to the superior vena cava and jugular 
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veins. Figure 122 shows fibrillary waves from a case of mitral stenosis 
with a loud, exceedingly rough, diastolic murmur and thrill. There 
was, in addition, a short, sharp, regularly recurring presystolic wave (Fig. 




Fio. 121. — Auricular fibrillation, anacrotic radial pulae. 




Fia. 122. — Auricular fibrillation with mitral stenosis showing presystolic (x) and fibrillary 

(/) waves. 




Fio. 124. 

FiuH. 123, 124. — Aurinilar fibrillation ; sharp fall of prcsiture followinx the ventricular 
fUling wave. In Fig. 124, the radial pulse is quite rhythmical. Digitalis had been given. 



122, x) whose etiology is not clear. Electrocardiograms taken at that 
time preclude the p()s.sibility of its being an auricular wave. 

In some of the jugular tracings of auricular fibrillation, a sharp rise 
and subsequent fall of pressure succeeciing the r wave is found (Figs. 123- 
124). As already indicated, a completely irregular pulse accompanies 
auricular fibrillation in the great majority of cases (Figs. 125-129). 
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Very rarely the pulse becomes absolutely regular as the result of digitalis 
medication, though fibrillation continues (Fig. 124). 

Correspondinjj; to the state of incoordinate auricular activity char- 
acteristic of auricular fibrillation, there is in the electrocardiogram an 
absence of regularly recurring aaricular demtions (P waves). In 



: iii i T5itH ; r 



i IA'4, — Fine fibrillation waves. 



their place, there are undulations, representing fibrillation, at rates 
between 350 and 900 per minute. These fibrillation waves vary con- 
siderably in type. In short runs they may resemble the regular and 
rapid auricular activity of flutter at other times the waves are coarse 
and arrhythmic, or are so smM as to be scarcely distinjjuishable as sepa- 
rate cie% iations. Hxamples of these various tvpes are shown in P'igs. 130, 
131 (Plate X), 132, 134, 135, 137 (Plate XI), 13:1, 1.36, 138, 139. At 

present there is no 
clinical distinction 
base<l upon these dif- 
ferences. 

In older people 
with cardiosclerosis, 
or as a result of digi- 
talis medication in 
others, the pulse and 
heart atlion ma\ 



m 
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FlQ. 136.— Fqirly regular ribrillalion wavM in parts of Lit 
and LIII. 



fairly regular in force 
and rhj'thm, so that 
graphic tracings are 
required in order to establish the diagnosis of fibrill.'ttion. In another 
clinical tyj>e of fibrillatitm, the pulse rate varies between ISO and 22^) 
per minute, and is small in volume and easily compressible. Upon 
palpation, the tndi\'idual beats appear equal in force. Clinically, this 
resembles paroxysmal tachycardia. Electrocardiograph ically, it is djs- 
tinguishetl from the latter by the abs«'nce of P waves and by the 
absence of an " onset " and "'offset" (Fig. 137, Plate XI). 

Ectopic beats are sometimes present in auricular Hbrillatton (Fig. 
lliS. £>), They are erroneousij' cjilled extrasystoles ; tlie latter term ia 
proijerly applicable only to premature beat^ whict disturb an otherwise 



PLATE XI 




Flu. 137. AuriruLiu' fibnllatiurL »howinx larhycHrdiu in L I. Note the 

of ventriculM rapidity. 



vturyins t»te« 
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regular rhjlhm, and not to beats occurring in the complete irreguJarity 
of auricular fibrillation. 

Transient AiuicuUr FibrilUtion. — Only exceptionally h it possible 
to note sudden transitions from normal rh^-thm to auricular fibrillation. 



Ftc 13S. — Auricular lii.riU.iunii ■.mii I.im! 



Such attacks may be the result of digitalis therapy. They are also 
found in exophthalmic goiter or at tbe crises of severe infections (for ex- 
ample, in pneumonia). They are by no means infrequent in older pa- 
tients with cardiosclerosis, in whom hypertension is a marked clinical 
feature. Attacks of auricular fibrillation, in addition, owur in the 
decompensatory stages of valvTilar disease. Its occurrence with au- 
ricular flutter has already hct-n pointed out. Its presence in a patient 
with no temperature and with no sign of organic cardiovascular disease 
is ver>' rare- P'igure 140 



(Plate XII) is an example. It 
was taken from a child of eight, 
not neurotic, who had had sev- 
eral attacks of tonsillitis. Ton- 
sillectomy was performed two 
years before. Shortly before 
she came nmler my observa- 
tion, she suddenly felt her 
heart "jump": this "jump- 
ing " sensation has ^ince !>ecn 
occasionally repeated. There 
were no ga.strifr symptoms. 
The child was somewhat 
anemic anfl undersized. There 



Fir.. 139. — Ak; ..ifBa 
HbrillatioQ. tCoaru-ai ui JJr, A. L, L'uhn,} 



were no signs of decompensation. The urine contained no abnormal 
elements. There was a very soft faint systolic murmur, of functional 
nature, at the apex ; the murnuir was not transmittetl. The electro- 
cardiogram (Fig. 140, LI 1 1) shows the above-mentioned short run of 
auricular fibrillation {A.F . . . AS) following the ventricular extra- 
systole {V£x}. In addition, there is fairly marked sinus arrhythmia. 
There are several ventricular extrasystoles (I'.^Jx), in some of which 
the auricular beat is seen as a separate deviation (/'"). There is also 
an auricular extrasystole of sinus origin with an abnormal ventricular 
complex {LI, A£x) ; it is not followed by a compensatory pause. 
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Clinical Reeogiutioii of AuiicuUx Fibrillatioii. — The pulse and ven- 
tricular irregularity of typical auricular tibrillation is sufficiently obvious 
to be readily manifest. At the apex there is marked irregularity in force 
and rhythm of the heart's action. Sometimes scarcely two beats are 
alike; sometimes there is fairly regular heart action lasting several 
seconds or longer. At the wrist, if all beats come through, the pulse, 
completely irregular, takes on a helter-skelter {•haracteristic. In the 
neck the carotids are cnrrespondinglj' irregular ; the jugular pulsations 
are usually Uk> rapid to be individually identifietl. If there are many 
frustrane ventricular contractioas (so-called pulse deficit), the radial 
seems fairly regular in force and rh^^hin, for it is mainly the small and 
weaker l>eats which produce the picture of complete irregularity ; aus- 
eultatum at the cardiac apex will rewlily reveal these smali, numerous, 
and discordant beats. Indeed, in thin persons, inspection of the apical 
region shows the characterbtically ftrrhjthuiic ventricular action of 
auricular fibrillation. 

Tlic ectopic beats in auricular fibrillation (snmetimea erroneously 
called " extrasystoles ") can occasjnnally be recognized even when 
ventricular action is rapid and irregidar, because they are commonly 
followecl by momentary (not compensatory) paiLses, and by beats much 
louder and stronger than the preceding. In the tachycardial attacks 
occurring with auricular fibrillation, there is no onset or offset, the beats 
are suflRciently irregular in force and rhjthm to be palpable and are apt 
to be interspersed with the tj-pical gross irregxdarity of auricular fibrilla- 
tion; after the attacks a completely irregular pulse is again present. 
These are data which serve in the differentiation between this tj-pe and 
the paroxysmal tacliycardia :ilrcaiiy discussed. 

In aniiculai fibrillation with coupled rhytlun and fairly slow and 
regular ventricular activity and pulse, or in those rare instances of a 
perfectly regular pulse following digitalis medication, differentiation 
from the normal or fmm extrasystnlic arrhythmia can only be made by 
direct observation of the jugular pulsations. If distinct auricular waves 
can be recognized, their presence serves to exclude fibrillation. 

A III (2), AuBicix.«i Flitter. — Altiicitlar Tachysystole 

In this type the auricles beat regularly and rapidly from 225 to 350 
tim^ per minute. Since the ventricle cannot respond at a like rate, 
heart block {q.v.), incomplete or complete, results. If the block be 
incomplete at a 2 : 1, 3 ; 1, or 4 ; 1 ratio, the pulse remains regular, the 
rate depending upon the ratio. If incomplete heart block be present 
with a constantly v arying auriculo-ventricular ratio, the pulse becomes 
irregular. The polj^graphic recognition of auricular Sutter may be diffi- 
cult, for the auricular waves are often small and distorted by respiration. 
Ijewis has pointed out that under these circumstances the arrhythmic 
groups of radi^ beats form exact multiples, that auricular flutter 
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may be diagnosed from the radial curve alone, I have not found this 
to apply tn some cases of flutter that I measureil am! attempted to diag- 
nose in this manner. When auricular waves are well marked (Figs, 141 
A and B, Fig. 142), flutter is readily recognized. In the interpretation 
of the dcpree or type of block, it must be rememberetl that, when incom- 
plete, the o-r interval may be abnormally proJonped ; this may give 
tlie appearance of shortened conduction time, for the ventricle has 




Fit}, Ml. — Tracing of nuricular flutter. A and B wc>rt? obtiiinod on dtfferpnt dmya. 
a, b, c are eominuous. \n A, lhr> aiirii^ular rate ia 210 ; in B. 24;") per niinulu. The num- 
bers Oft Ihe taditJ txvtta (ft-nuli* Mieir fpsijecttve Ipnt^thti in } seconds. Thp block in 
CDinplete in A (a iiad h') ami i-h:inifi».« fTOiti imMtiifslftc t<i i-omploti" in r. The bloeyk is 
iacompletc ia B (a aad part of aad thcD later bt^[!om<^9 complete. 



probably responded, not to the immediately preceding auricular beat, 
but to the one previous (imiicatetl by arrows, Figs, 142, 143). The 
conduction time is approximately .4 second. Partial heart block with 
a .'i : 1 rhythm is shown in Fip. 143. The pulse is almost regidar 
throughout, though there are shorter and longer beat^ indicative of 
change in the auriculo-ventricular ratio. In other instances of flutter 
there may be found a change from partial to complete block, or the 
reverse (Fig. 141). 

F 
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An electrocardiographic example t)f incomplete and eoraplete block 
in the same eltrtrui tinliugram (Fig. 144, Plate XIII) is shown. Rapid, 
reiTular auricular activity is best seen in /,// and ///. The ventricular 
rate was 75, the auricular 300 per minute. Incomplete block at a 4 : I 
ratio was present, The P and T waves are occasionally superimpftsed. 
The P waves are contiguous and distinct in LI I and ///. They are 
scarcely discernible in LI. This is a characteristic of auricular flutter. 




Fio. 142. — Aiirirulur HiitdT. The numliers on the rniiiit lieiits ilfnote ilicir resf>e<>tive 
Itani^hs in 1 aerundn. TUv auricuJur iiiipuisi; iiiiJ its com'sinjudiiiK ventricular reapouiie 
•re obowp by arrows. 

At a later date, the auricular speed was the same, 300 per minute. The 
ventricular rate variwl fruni iHt to 100 per minute. There is no group 
proportion discoverable in the varying ventricular rates ; complete heart 
block is present. After 10 drachms uf the tincture of digitalis, given 
over a pertml of 10 days, there was no diminution of auricular speed ; 
the ventricular activity wa.s arrhythmic. There was al.«io a difference in 
the heights of the R de\'itttions. This difference was not of respiratory 
origin ; it may have been due to differinp^ degrees of %'entricular excitabil- 
ity from digitalis rae<lication. The electrocardiogram (Fig. 144, Plate 
XIII) was deriveil from a case of acute endit-perioarditrs without de- 
compensation; flutter developed during the course of acute rheumatic 
joint manifestations. In thi.-i instance, digitali.^ did not have the effect 
usually found in flutter with cardiac decompen.sation. viz. : first, auricu- 
lar fibrillation ; later, the resumption of normal rhji-hm with cessation 
of medication. As state<l, there was no decompcniiation in this case. 
The rhythm became normal only when the joint sjinptoms subsided, the 
temperature reachetl the normal and the endocardial lesion became 
quiescent. From the clinical course, 1 conclude that the exciting cause 
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of the flutter was the acute endocarditis. In what man- 
ner the latter produced the arrhythmia it is impossible 
to state. One year after the onset of the disease, the 
rhj-thm was still normal, the signs of the endocardial 
lesion (mitral regurpitation) were the same. 

Clinical Recognitioii of AurictUar Flatter. — In the 
exceptional instances of this arrhythmia in which the 
veins of the neck are tremendously distendetl by each 
auricular systole, the diagnosis becomes at once evident 
on inspection and estimation of the rapidity of the jugular 
pulsations. The latter, however, are more often minute 
and scarcely distinguishable as separate beats. Though 
not thus definable as individual waves, the jugular pulsa- 
tions are often sufficiently distinct fur one to note that 
their number greatly exceeds that of the ventricular con- 
tractions. In this manner the diagnosis of flutter may 
occasionally be ventured ; but most diagnostic reliance 
must finally be placed uixm recognition of heart block 
with the varying auriculo-ventricular ratios tjpical of 
flutter. If, for example, incomplete heart block at a 
constant ratio is present, the pulse and heart action are 
regular, the rate usually being between 9<) and \20. If 
the auriculo-ventricular ratios be inconstant and con- 
stitute changing multiples, as from 2:1 to 4:1 or the 
reverse, the diagnosis of flutter can be made from the 
fact that the ventricular pause.H also constitute multiples. 
If the auriculo-ventricular ratio constantly A'aries, or if 
complete heart block is present, ventricular action and 
pulse become arrhrthmic, and clinically resemble the 
irregular action of frequent extrasystoles or of auricu- 
lar fibrillation. The difTerentiation can then only oc- 
casionally be made from the latter, by the absence of its 
characteristic jugular pulse; from the former, by the 
absence of compensatory pauses. 

A m. (3) IXCOORDIXATION INTERMEDIATE BETWEEX 
FLiriTER AND FIBRILLATION 



4 



11 



In a few instances, I have obse^^'ed a state of irregu- 
lar auricular activity which may be regarded, I believe, 
as an intermefliate stage of incoordination between flut- 
ter and fibrillation. The auricular rate was usually 
between UO and 150; the beats, as shown by the differences in 
the auricular complexes, came from many scattered ectopic foci; the 
auricular rhj-thm was irregular. The ventricular rhvibm was also 
irregular, the rate usually between 100 and 120. Many of the ventric- 
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ular electrocardiographif complexes varietl in the length of their devia- 
tions; verj' few ventricular extrasystoles were present; the picture 
betokcnefl impulses following many vicarious paths in tlie ventricle. 
Although tlie eleutrocardiographic picture of the ventricular arrhythmia 
was not as distinct as was the case with the irregular (ectopic) auricular 
activity, it seemed probable that ventricular arrhj-thmia was likewise 
due to incoordinate activity, but of a degree considerably less than in 
ventricular fibrillation (^.».)- 

The patients who presenteil this rare and interesting arrhythmia were 
in the agonal stages of pneumonia or of carflionephritis. It seemed 
possible, from the clinical pictures presentecl, that several factors 

deserved etiological con- 
sideration : e.g. in pneu- 
monia, the toxins ; in 
cardionephritis, retained 
abnormal proKiucts. In 
all, there were probably 
changes in the intra- 
cardiac circulation which 
profoundly affected the 
nutrition of the general 
musculature, as well as 
of the auriculo-ventricu- 
lar contluction system. 

Although, as indi- 
cated, irregular auricu- 
lar activity may be due 
to two fundamentally 
different causes (abnor- 

Fio. 145. - I = .r ufhyc^rdia, F...F m^i' passage of impulses 

(L ///) ^h I ..lysmnl wchycardla lo and auricular incoordj- 

auricular ritinil.uioi, i-ii -in i' of rpRitliLrly reeurriaK v ■+ : 

auricular «jmpleiet J. {Courteay of Dr. A. E. Cohn.J natlon|, It Is interesting 

to note the gradations 
antl transitions in auricular irregularity. First are the isolated auricular 
extrasystoles. These, if nunierous and originating outside the sinus 
area., give rise to auricular tachycardia. The rate is then betw^een 150 
and 225. If auricular speeil be increased from 225 to 350 per minute, 
flatter rcisults. This appears to be the limit of regular auricular activ- 
ity in man. Any further increas^e in rate results in irregular activity — 
auricular fibrillatiOTL. The fibrillation waves may be as frequent as 
llfK) per minute. In some in.*itances it is possible to observe a transition 
from auricular flutter to fibrillation (Fig. 145). Between Butter and 
fibrillation is the inteimediate type of incboate auricular activity just 
described. 
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A'. NODAL EXTRASYSTOLES 



having tlieir origin in 
ntxial extrasystoles. The 



the aiiriculo- 
auricular and 



Premature contractions 
ventricular node are called 
ventricular im- 
pulses start si- 
multaneously, or 
almost simul- 
taneously, from 
their nodal 
origin. Hence, 
in tile jujcular 
tracings, the a 
and c waves, 
and, in the elec- 
trocardiogram, 
the F and /? 
waves fall coinci- 
dentally, or 
nearly coinci- 
dentally (Fig- 
14G). " In the 
phlebogram, a 
large summation 
a + c wa\'e is 

producetl (Figs, 147, HS) ; in the electrocardiogram, the small P is often 
lost in the larger /^ complex. 




Fio. 146. — Nodnl estrwij'stnle showinE TOineiden™ ut P and R 
waves. tCourtesy of E>r. A. E. Cohn.) 




Fio. 147. — Kod.it Mtra»j-sloIe. This is gnph- 
irnUy illusttnilecl hy tlpc ftli)io*t synphronoiw 
occurrence of the foot in iota uf A'c\ 




Fio. 14S. — N'odiil Mtra.q'»»ole which 
huH pnxlufwl uo pulse wave. (Fru»- 
tcaao coQtrai'tion.) 



B. VENTRICIXAR ARIimTHMIAS 



I. VENTRlCn-AR EXTBASTSTOLEB 

As with the auricular tj-pe. ventricular extrasystoles depend upon the 
Abnormal passage of the impulse. 

The main distinction between hetcrogenetic (aberrant) ventricular 
beats and those arising in the auriculo-ventricular node — true idio- 
ventricular rhythm — is one of rate. This node originates rhythmical 
contractiuus at a frequency between 25 and 40 per minute (heart block). 
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'Hie rate of extrasyatolic ventricular rhj-thiii is between 130 and 200 
per minute. 

In ventricular extraaystoles (Fig. 82) the auricle follows its normal 
rhythm and contracts when the ventricle is in a refractory state, and, 




FlG9. 149, 150. — The ventricular pirtriuiyBtolc plus the TOtnpensatory pau.t^ is slightly 
groalor thiui two rhytbnuc boHU. (lucrcoeed cotnpeiuiiiiory pnuw.; 



as a result, there is no ventricular response until the next succeeding 
ventricular contraction. Thus the time of ventricular prematurity, 
added to the ' crtmpensatory ' pause, equals two rhythmic beats. This 




fact is of value in the recognition of ventricular extrasygtoles from radial 
tracings alune, or in polygrapbic tracintfs in which the jugular is not 
sufficiently clear to be of value. In auricular extrasystoles, both cham- 




Fio. 152. — Ventricular estrosyntole without comptnsatory patue. 



here contract prematurely and the succeeding pause may or may not 
be 'compensatory ' (Kig. 81). Ventricular extrasystoles, likewise, are 
sometimes followed by pauses which are not exactly compensatory in 
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len^rth (Figs, 149-152). Occasionally premature contractions occur sso 
late that they lose their characteristic " prematurity " (Fig. 153), The 
amplitude of the radial beat following the extrasyatolic pau^ in any 



i' . 

JU4UI 




Fia. 153, — Eitrasyatole which us ant ' |ironmturf .' r' if groat^r than P (the imugie rollonr> 

itiK cxtraayatalo), 

type of premature contraction is usually larger than that of the normal 
beat, and expresses graphically its greater strength (Figs. S3, 85, 153) ; 
this is sometimes regarded as indicative of favorable cardiac recupera- 
tive power. 

B II. Interpolated VENTRictrL.ut Extr.\s\"stoleb 

When the cardiac rate is slow, ventricular extras,\'stnles do not always 
interfere with the time of the next normal ventricular contraction; 
these are calletl " interpolated.*' This type of premature contraction 
occurs in the course of normal rhythm, and is nr»t followed by a com* 
pcnsatory pause. Such extrasystoles are found in mid-«liastole and in 
groups, rarely as isolated phenomena. Figure (Plate \11) is there- 
fore of interest because it shows a single inter[>olated extrasystrile 
{L II Ex). The electrocardiogram was derive<l from a male patient 
54 years old, who presented extreme decompensation. He had had 
syphilis 30 years before. The Wa.ssermann I>I<khI reacticm was jjositive. 
He had se^'e^e myocarditis and marked left ventricular hypertrophy. 
Fluoroscopy and radiography demonstratetl aneurismal dilatation of 
the entire thoracic aorta. Under vigorous antiluetic, and the usual 
treatment for decompensation, the patient improved to such an extent 
that he now considers himself well. The electrocaniiogram is of further 
interest because it gives some corroboration of the clinical findings: 
negtitive Tin L I and an abnormally wide li deviation in L I and III, 
presumed evidences of myocarditis (Chapter IV) ; the positive R I and 
negative // and H III also confirm the clinical and orthodiascopic 
finding!^ of a markedly hypertrophic left ventricle. 

Electrocardiogntms of ventricular extrasystoles vary considerably 
from normal complexes becansc their course in the heart (Fig. 38, J, A') is 
quite ditferent from that followed by the normal excitation wave. The 
extrasystoles may originate in either ventricle. There is experimental 
evidence that extrasystoles arising from the various areas of the ven- 
tricular musculature — so-calleii ectopic foci (Lewis) — conform to 
definite electrocardiographic types. By analogy, it is possible to deter- 
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mine in the human being the abnormally excitable areas in the ventriclcj 
from vuriatiuiis in the form of the ntj-pical eleetrocardiograms (Fig. 154). 




Flo. 154. — Schematic view of typ*s of veotricular unlraaystolt- ll.r^^(in|^ ivnva varioua 
ectopic foci, showing the directiaa of the correaputidini; R deviiltioua. 
R, V - riglit veutriclc. L, V - left veutride. 

However, one must remember that the abnormal path followed by 
extrasystoies need not necessarily indicate a corresponding abnormal 
ventricular focus as its starting p<iint. 

Though studies of the v arious forms of veutrieiilar extrasystoles are 
of considerable interest anrl importunee, there is at present no correla- 
tion, extrept in isolated cases, between the different types and the clinical 
condition. It is to be noted that the P deviation is usually not visible 
because it is lost in the larger ventricular cfjmplex ; occasionally, how- 
ever, it appears at such time 
that it distinctly notches the 
li wa\'e. 

A schematic view of the 
usual ectopic foci and their 
corresponding electrocardio- 
jrraphic types is given in Fig. 
154; it shows the direction 
of the R and T deviations 
in the Z, / and 11. These 
types are also illustrated by 
exjimples of ventricular extra- 
systoles derived from human 
beings (Figs. 155, 156, 157). 
That there are intermediate 
types coming from inter- 
mediate ectopic foci one may 
assume from certain rare cases of ventricvilar extrasystoles with heart 
block showing gradual and regularly varying abnormal complexes (Fig. 



Fiif. 1- 

from t 

of Dr. 



If biue. (CoiUteoy 
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158). It is as if tlie abnormal excitation had affected, ladderwisp and 
in progression, various successive areas of the \'entricular musculature. 
Instances of regularly recurring extrasystoles (coupled rhythm) are 




Fia. 156. — VentfipAiT extrasystnlo 
til'. JS*.) frotij vcutridc near llie 
hub. tCourtwy of Dr. A, E. Coha.) 




I 

Vt -HI * 

Tio. 157. — VcDlriciilar extr&aj'^tole 
(V. Ex.} from wall of left ventricle. 
(Courteay of Dr. A. E. Cohn.) 

given in Figs. 159, }59A, 159B. Occasionally several originate from 
the same ectopic fc»cus (Fig. 160), producing short runs of paroxysmal 
tachycardia of ventricular origin. 
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B III. Automatic Ventrjculab Activity — Ventricular Escape 

This rare type consists in the sudden ' escape ' of the ventricle from 
auricular control, and results in ventricular auttjm&tism or independent 
activity, Jn a few cases that had been previously describcfJ Uiere was 

marked retardation 
of the auricular, 
and, in most in- 
stancesj of the ven- 
tricular rate. In 
the cixac which I 
observed there wag 
never any marked 
pulse retardation 
161); the 
lowest rate wa.s 55 
per minute and the 
auricular speed was 
not abnormally 
slow. Its etiology 
will be discussetl in 
a later chapter 
(Chapter VIII). 

When auricles 
and ventricles heat 
at such rates that 
tlieir waves and 
deflections in the 
tracings are regu- 
larly superimposed, 
their origin in or near the auricuIo-\ entricular node has s<iraetimes 
been assumed ; these are callai nodal extrasystoles (q.p.)^ Such si- 
multaneous action is seen in parts of the elet'trocardin^^ram of the case 
of " ventricular escape" (Fig. 102, A', Plate XIV). but it apparently 
depends on tninsient identical auricular and \'entricular sj)ecds. For, 
as the latter vary, var\'itig a-c and c-a (Fig. Itil) or P~R and It-P 
intervals (Fig. 1(12, Plate XIV) soon occur. Besides, nodal beats are 
u>«ually either regularly interp()Iated in the normal rhythm, or, when 
premature, are followed after longer or shorter compensatory pauses 
by tlie normal dominant beat. 




FtO. 159, — Regiilurly rrrumtiK ventrirulur fKtrfu-jj'akrliss 
(V. Ex.) : — coii|j|^ rbytlun (pulaua biuouiiiiusj. (Cour- 
Uwy of Dr. A. £. Colin.) 



Such ftssumptionfi of nodal ejctrasystolea are Ihereforo not warranted, I 
b<?li«'%'e, by the electrDcardiogramB here ahown, all of whose cumplexra are alike. 
Ba<>k«'ard oonduciion Iq.v.) from ventricle to auriclo, a rare revrrwl of the 
cardiac jncf'liftiiism, also requires cQnaideration as a poBsible explanation. In 
the eas^i Ihw dfwribed. the rhythm, when established showed a dt'tinite ven- 
tricailo-aurtcuiar i'ondu<'tion time similar to tlw> normal, and was oecompanicM] 
by marked ventricular slowing. This conception if applied to my case would 



PLATE XW 




Fiij, 162. — Ventricu^r escnpe. .Section* of a continuon!* tracing. At X the vpntride 
"esmpes" from auri'*ii]ar coQtml and beats indepeDdeatly nt aucii rnte that suniU^ unii 
Vf titride accaitiunally TOtiimct nytichronously (Bup«rposi(ioa of F and R waves). The 
rhythm is sequential in the other parta of the tmcing. 




Pto. 183. — ProloQgBd conduction tiiin;, /* - fi - .3 tMoud. 
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neceesarily also assume that the "reversed meob&Dism " suddenly and iiTeg:ularly 
ceased from time to time in those parts of the tracing which do not show a 
"retrograde conduction time" {e-a or R~P intervals) of lesa than one fifth 
second, and that, frequently, isolated beats were retrograde. This hypothesis 
ia higUy improbable and is not supported by the electrocardiograni, Rihl de- 
Boribea a ease of occasional automatic ventricular action jjrodueed by vagal 
pressure. Lewis reports a case of rheumatic mitral stenosis with decompensa- 
tion; digitalis had been jfiven with resultinK ventricular automaticity ["ven- 
tricular escape,'* Lewis). Gallavardin, Dufourt. and Petzetakis describe three 
oasea with slow pulses tin one case the rate was 3ti per minute) in which there 
WAS Do clinical ei'idenco of organic cardiovascular dii^ease. In two, numerous 
polygraphio and electrocardiographic tracings showed the occurrence of ven- 
tricular automatism; in all three, it was readily evoked by ocular and vagua 
pressure, and by atropin injection. The writers suggest two cau.sea for the 
phenomena: relati%'e retardation of the auricular as compared with the idio- 
ventricular rate, or acceleration of the latter bej'ond the former. Two of 
their case:? had very Blow auricular rates occurring either spontaneously or 
induced by the methods described; the third showed no auricular retardation 
on vagus or ocular pressure, or after atropin injection. The arrhythmia in the 
first two cases was apparently due to relatively increased idioventricular rapidity 
beyond that of the amus. Except for a very gUght change in the complexes 
of the automatic ventricular beats in two of the cases — the absence of a very 
small S wave all of the complexes are identical. In digitaUa ]K>isoning, 
Cohn and Fraser have oei;asionally found either identical auricular and ven- 
tricular speeds, or ventricles beating more rapidly than auricles, with ven- 
tricular escape. In the case I report there was at no time any marked pulse 
retardation — the lowest rate was 55 — nor was there any evidence of auric- 
ular slowing, althouRh there was, at the periods of ventricular automatism, 
some slight diiTereTice between auricular and ventricular rapidity. E.xcept for 
occasional somewhat slower beats, the idioventricular and normal ventricular 
rates were approxiniatelv the same. Shght sinus arrhythmia was sometimes 
present, but was not more marked than is frequently found as a physiological 
phenomeoon. 

B IV, P,\B0XY8M.tL T.\.CHYC.UU>IA OF VeNTBICUL.UI OrIGIN 

As with the auricular, paroxj'smal tachycardia of ventricular type 
is marked by a rapid succession of ^'ent^icuIar extrasystoles (Fig. KKl). 
This type of irregularity is rare. A paroxysm usually comprises from 
8 to 10 premature contractions; very exceptionally, there may be ag 
many as 25 or ;J0- 

As distinguished from parox>'smal tachycardia of auricular origin, 
the runs of extrasystoles in the ventricular tx-pe are short; on ausculta- 
tion, the strong " thumps " indicating extrasystoles are usually quite 
evident, 

B V. VsNTHicuL.'tR Incoordination 

(l) Ventricular FibrillatioD, similar to the incoordination of auricu- 
lar fibrillation, is due to inco<irdinate ventricular activity. It has only 
very rarely been studied electrocardiographically in the human being. 
When it occurs, so far as we now know, it is followed by death within a 
very few minutes. The reason for this is that the inchoate ventricular 
contractions have no propulsive effect upon the blood in the ventrio- 
tllar chambers. 
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Brftncli-bttDdId Lesions. — The simplest type of veatricular inco- 
ordioatioi) consists of asynchronous ventricuJar contraction from lesions 
of the main branches of the aurieulo-ventricular bundle. Such lesions 
may be permanent or transitory. In these lesions, the impulses orig- 
inate in the A-V bundle before its bifurcation, and follow the un- 
blocked branch in the ventricle (Fig. 3S, //, /). Experimental and 
clinical examinations have shown that branch-bundle l^ions produce 
characteristic electrocardiograms. Microscopic sections of post-mortem 
specimens have 
corroborated and 
confirmed the elec- 
trocardiographic 
evidence in. a few 
instances. 

Since the excita- 
tion wa\e travels 
along the healthy 
branch and excites 
the corresponding 
ventricle to con- 
traction, the elec- 
trocardiogram in 
the various leads 
shows the charac- 
teristics of contrac- 
tion of one ventricle 
alonCf without the 
counterbalanced 
contraction of the 
otlier. Hence, in lesions of the right branch, by far the most common, 
the initial ileflections show left-sided conduction. The deviations are 
tall and ptislth e in L /, and tall and negative in L III (Fig. 164). 
The opposite is the case in the left-sided lesions (right-sided conduo 
tion) (Fig. 103, Plate XIII). A further characteristic of bundle 
lesions is the abnormal length of time required for the completion of 
the excitation wave, the width of the H usually being about .10 second. 
In addition, the deviations are frequently notched, the ^'entricutar 
CJjmple.t usually diphasic. The T wave is commonly deviated in a 
direction opposite to that of its accompanying R peak. 

The electrocardiograms of cardiac hjTK-rtropliy are somewhat similar 
to those of branch lesions. They are differentiatetl by a narrower R, 
the lesser amplitude of their deflections, the direction of the T which 
b the same as that of tlie R, and by the tri- or quadriphasic character 
of the ventricular complexes. 




Fio. 1B4, — Leaion of the right branch of the couduction ay** 
tcm. Cotiductiub ukca t^lace alatits th<^ Mt branch. Tho 
initinl deflectkina are toll *ad positive in L I . and taU *ad 
DeKutive in L III. (Courtesy of Di. A. E. Cohn.) 
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C. TRUE BRADYCARDIA 

This term should be applied only to types of slow, regular heart 
action in which there is normid condnction time from auricle to ventricle, 
and in which each best represents a sequential anriealo-yentrienlar 
contraction. Thus defined, it has its proper place in a classification of 
arrh^'thmias ; otherwise, when loosely used in the sense of slow pulse 
rate (so-called spurious bradycardia), it takes no cognizance of auricular 
rhythm or of auriculo-ventricular conduction. It may thus haphazardly 





RArilkk RATE - «• MM M- 




Fio. 167. 

FiQB. 1G5-167. — True bradycardia from patients with gastric aymptoms and normal 

hearts. 

include such divergent cardiac irregularities as auricular fibrillation, 
extrasystoles, and heart block (q.v.). It is difficult to fix a definite rate 
as typical of true bradycardia. Cardiac and pulse rates ranging from 
60 to 65 per minute are by no means rare in normal healthy adults, 
especially in those with rather marked vasomotor instability, flushed 
hands and face, sudden irregular pallor, and cold and moist extremities. 
Examples of regular, slow heart action due to extracardial causes are 
given in Figs. 167, 168, Fig. 169 (Plate XI\0. An instance due to 
salicylate of soda is shown in Fig. 168. 

In the electrocardiogram of true bradycardia, all the ventricular 
complexes are alike ; there is slow, regular heart action. Thus, Fig. 169 
(Plate XIV) taken from a young epileptic with a normal cardiovascu- 
lar apparatus, shows regular sequential heart beats at the rate of 50 
per minute. 
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Clinical Reco^tioD of Tme Bradycardia. — The rate is rarely 

below 40 per minute ; the carttitivaseular apparatus is often organically 
normal. Since in true bradycardia the aurlclc-s and ventricles beat 
sequentially, the jugular waves (o waves) are seen to precede the carotid 
pulsations (c waves). True bradycardia must be differentiated from the 




¥ia. 168, — True bradycardia caused by eAl>cylAt« of wda. 



slow heart action found in heart block. In the former, the jugular pulsa- 
tions occur with the same frequency a.=^ the carotid, the ventricular, and 
the pulse beats ; in the latter, they occ-ur more frequently. The jugular 
pulsations may be renderai more prominent by having the patient lie 
flat and by inspection of the right side of the neck. By holding a white 
card in the space between the jugular and carotid, it is sometimes piissible 
to reflect the jugular pulsations on the card by placing the patient in 
the proper light. 

D. ARRtn'TIDIIAS PRODUCED BY ABNORMAL 
SEQUENTE OF C OXTH ACTION OF AURICLES 
AND VENTRICLES 

This sequence may be disturbed either at the pacemaking area 
{the sino-auricular ncnie) or at the junctional tUsaes (the atrio-ventric^ 
ular node). 

D I. (1) Sinus ARRmTBMi.v 

This pulse irregularity is produced both by physiological and bI> 
normal influences which affect the sinus region, tlie pacemaker of the 
heart. Sinus arrhythmia of the physiological respiratory t>*pe consists 
of alternate moderate acceleration and retardation, a waxing and wan- 
ing of the pulse rate, corresponding to inspiration and expiration 
respectively. The arrh^-thmia is of vagal origin and is ascribed to 
differences in the vagal inhibitory tone frtim phasic respiratory changes, 
It is a physiological phenomenon in children {Figs, 170, 171) and young 
adults (Fig, 172) (the " youthful irregularity " of Mackenzie), though 
it is by no means uncommon as a normal variation in the middle 
aged, especially upon forced deep respiration. Sinus arrhj'thraiaa due 
to other causes are also illustrated (Figs. 173^176). 



In the electrocardiogram, sinus arrhythmia is recognized by varying 
lengths of the pauses between the beats (Fig, 177) ; there is no differerice 
in any of the complexes unless phasic respiratory variations (Chapter 
rV) are present. 

Clinical BecogBition of Sinus ArrhythmiA. — The pliysiologieal type 

with normal pulse rate is readily djagnusetl because it wanes and waxes 
with inspiration tun! expiration, respectively. The pathological tjrpes 
of sinus arrhytlimia do not usually show this correlation. The clinical 
diagn(>sis of the latter i& then made by the comparatively slow pulse 
rate with irrej^ularly long diastolic pauses. The interventricular interval 
may be sufficiently long to block out an entire auriculo-ventricular con- 
traction, thus leading to sino-attricular block (q.v.). The distinction 
between sinus arrhythmia of the iimi-respiratory type and auricular 
fibrillation with slow and fairly regular ventricular activity depends 
upon the observation of the jugular pulsations. In the former, there 
are regularly recurring jugular waves (a waves) which precede the 
carotid pulsations; in the latter this relationship naturally does not 

exist, since auric- 
ular contractions 
are absent. 



D I. (2) StNO- 
adeicular 
Blcm:k 

Occasionally 
abnormal influ- 
ences affect the 
vagus or its end- 
ings in the sino- 
auricular no<le so 
that an entire beat 
is blocked. 

This arrhyth- 
mia is rare in 
adults. Inhere is 
stoppage of the 
entire heart (Fig. 
17S: Fig. 179, 
Plate XV). The 
pause is usually 
somewhat less 
than is required 

for two normal contractions ; when extreme, the pause may represent 
the time requiretl for three, or even four, normal beats, I have seeti 
two otiies due to tubagism, one of whom had an organically normal 
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htart; the other patient had myocarditis with mild decompensatory 
s^mptocas, Figure 178 is taken from one of these patients. In ad- 
ditioti to the slno-auricular block, 
there is moderate tachycardia. 
This double effect of nicotine, 
mmterate tachycartlia and si no- 
auricular block, was probably due 
to the varying action of the poison 
upon the ganglionic terminations 
of the vagus and syiupatlietic (Fig. 
ISO). In the other case, a smoker 
with myocarditis antl decompen- 
sation, ventricular extrasystoles 
(Fig. 179, Plate XV) were also 
present ; sino-auriciilar block dis- 
appeared two days after smoking 
was stopped ; the extrasystoles 
ceased some days later when com- 
pensation was restored by the use 
of digitalis and theobromine sodium 
salicylate. 




Fio. ISO. — Di.ig^ratn shtmrinff tko elTpet 
of jiiwuinp U[)on thi> ganKUonir tt>mii- 
nution!> o( the vngus aad nccehntoTO. 
{Modified from Cushny'a "Phano»- 



ColdgJ'. 
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A.C 
Ven 
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o.v 



sccelDrator Ghen ; 
wntricle; 

cardinc musculature; 
KatiRlia at v.iguj termiuft- 
tion ; 

KanisJia at termiaatiou of 
sympathetic nenre; 
SP.C — spinal cdrd. 



D I. (.3) Blocked AuBicrL.\K Be,vt 

Ventricular action does not follow the blocked auricular impulse, con- 
sequently tliere is a quiescent period equivalent to two beats (Fig. 181), 

It is distinguished 
from extrasystoles by 
the absence of the 
characteristic small 
pulse w ave and of tlie 
e.^asystolic heart 
sounds; from si no- 
auricular block, only 
by recognition of an 
auricular jugular 
wave in the former, 

Flo. 181. — BlMkcd auricular Iwat. Ahspiice of vestricu- and itS absenCC ill 
\»T reeponse, also chovi-itiK proloogvd coaduclioD time. i 

(Courtwor of Dr. A. E. Colin.) tlie latter. 




D II. (1) Proloxged Conduction Time 

This represents the siinplest type of heart block. Various factors 
cause moderate prolongation of the impulse from auricle to ventricle, 
that is. of the P~R time. These are chiefly digitalis roetliciition, 
myocarditis, and acute endocarditis, I have also observed lengthened 
con<luction in several patients with auricular e.xtrasj-stoles of functional 
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origin. Cases of extreme prolnngation of the P-R time up to or 
even more than 0.50 second sometimed occur. For example. Fig, 182 

is the electrocar- 
diogram of a male 
patient aged 62, 
wlio hail rnyocar- 
dittsand neplmtis; 
at the time that 
the electroeartUo- 
pram w as taken he 

was suffering from a third attack of se^-ere decompensation ; dyspnoea, 
oedema of tile legs, ascites. He died later with uremic symptoms. 
The electrocardiogram shows a ventricular rate of 37 per minute with a 
conduction time of 0.8 second. A less marked instance is shown id 
Fig. 183 (Plate XIV). 



Fio. 182. — ElectrDcardioKnim ahowinK very slow veatricular 
rote (37 per minute} with a P-R time of .8 second. 



D II. (2) SHoirrENED Conduction Time 

The normal P-R interval is from .16 to .20 second. This interval 
— the conduction time from auricle to ventricle — is cjeeaslonally 
shortened in both paroxysmal and simple tachycardia ; however, rapid 
cardiac activity in tliese arrhythmias occurs mainly at the expense of 
diastole. 



D II. (3) BACirw,\BD Conduction from Ventricle to Auricle 

This excec<lingl\ rare anomaly is exemplified in Fij:. 1S4. It shows 
the auricular (P), regularly following the ventricular, beat. Backward 
conduction was also corroborated in that cai* by fluoroscopic examina- 
tion. The patient, a laborer of 31 suffering from diarrhea for one 




Fio. 184, — EleetrootirdioRnini ufaowini; hnckmird wjnductipp from voqiride to nuritle. 
(From WilUikiBi mod Juupb — "Kcvmal of the Cardiac MI^ehamli^l." Heart, 1013-14, 
V. lOSj. 



year, bad attacks of Stokes-Adams syndrome. The cardiovascular 
system was apparently normal organically. The arrhythmia persisted 
for many months and was not affected by atropin injections. Finally, 
the rhythm a^^ain became m>rmal. The writers suggest as possible 
etiological factors abnormal vagus control or a toxic cause. 
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D n. (4) (a) Incomplete Heart Block 



In its simplest type, this consists in 
response to aurii-ular impulses. There is 
auricular and ventrifular Ijeuts; 
for exampie, the ventricle re- 
sponds to every second, tliird, or 
fourth auricular impuli^e. Sueli 
cases are termed incomplete heart 
block at 2 : 1 , 3 : ] , etc. ratio re- 
spectively (Figs. 185,180). The 
ventricle and pulse Wat rhj throi- 
eally unles.s disturbed by oc- 
casional premature ventricular 
contractions (Fi{j. ISG, c'). In 
other t>'pes oi in(x>mpl.ete bUx-h 
the ventricular response varies 
irregularly from one ratio to 
another ; the ventricle, for exam- 
ple, answerri haphazardls every 
second or third ttr fuurtli auricu- 
lar impulse. The pidse becomes 
correspondingly irregular. In 
both incrtmplete anil complete 
block, the auricles beat rhyth- 
mically at approximately normal 
spee<ls, 60 to SO times i>er miiuite. 
In incomplete heart block, the 
ventricular rate is considerably 
dimiiiishefl ; as stated, its regu- 
larity tiepends upon the auriculo- 
ventricular ratio. 

D II. (4) (6) CoMPLirrE 
Heart Block 

This is said to exist when 
titere is no relati<in.ship between 
auricular an»l ^•entricula^ speeds. 
The \ entricle follows its own in- 
herent rhythm (Figs. ]S7-19(j). 
The usual inherent (idioventricu- 
lar) rate of the atrioventricular 
node is lietween 25 and 40 per 
minute. Complete heart blix k 
represents the purest type of 
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regular heart action. Polygraphk'ally, the carotid (c) waves are Idcn- 
Utied ID the usual manner. Since the auricular speed variea but 
slightly if at all, the auricular (a) waves are recognized by their oc- 
currence at regularly spaced intervals {Viga. IS7, ISS). Because of 
their varying rates, the a and c waves occasionally fall simuttaneoosly 
with, and are superimposed into, teller or broader peaks (Figs, 190, 
193J, Fig. 191 resembles incomplete block, because auricular and 
ventricular rates temporarily correspond. Examination of longer sec- 
tions, howe\-er, show that this ratio is accidental, for, with slightly 
varying auricular and ventricular speeds, there is at first closer ap- 
proximation anfl finally superposition of the a and c waves (Fig. 191 B). 

In eoniplete heart bkwk, auricular activity is occasionally abnormally 
rapid, so that its ratio to ventricular beats is as four or five to one, 
While regular rh>'thmic activity is the rule in complete heart block, 
there are exceptions ; as, fur instance, slight variations in the ventricular 
rhjlhrn (Fig. lil'^). The regularity may also be disturbeti by ventricular 
extrasystoles. These are usually single (Fig. \M, /). The pause fol- 
lowing them is not compensatory, but is equal in length to a rhvlhmic 
beat. Very rarely such extrasystoles are multiple {Figs. 195 .1 and B, 
r'. r"). 

The case illustrated by Fig. 195 was ori^nall.v one of complete heart block 
wlh u rhj'thmio ventricular rate of 35, and »□ auricular spet-d of 72 [ht minute, 
as demonstrated by polvjjraphic and eleetrooardiographir* traoings. The auric- 
ular beats could be plainly tieard in the inttTventricuIar pauses. Through 
inadvertence on the part of Iht* nurse, digitalis was administered for several 
weeks after havine been ordered discontinued. The pulse then Ix^ame arrhyth- 
mie. The auricular beats were no longer heard. ' Kxtra,systoleB * (i.e. oetopic 
beats), most ot which were frustrane, were heard at theat>ex. The tracing shows 
some of them reffistered in both radial and ju^lar (Fig. 105 A, B, r', c', r", c") ; 
others in the jugrular only [Fip. 195 j4, B. c") ; regularly recurring auricular wavea 
could not be identified. DiifitAlis was discontinued. After two weeks, the orig- 
inal type of heart block was present, as shown liy elect roe ardio graphic tracings, 
and the auricular l)eal8 were again heard. From the auscultatory evidence, from 
the absence of auricular waves in the jugular, and from the fact thai digitalia 
poifloning Bomctimes induces auricular fibrillation and 'extrasystoles,' it seems 
|>robable that the polygraphic tracing represents heart, block, auricular fibrilla- 
UoQ, and ectopic beats — aunique instance of digitalia poisoning in a patient with 
complet* heart block. 

Another rare example of peculiar disturbance of ventricular rhythm is that 
represented in Fig, 196 A and B, taken from a patient on successive days. 
Digitalis had not been given. The radial traf-mg showed ventricular ar- 
rhythmia due to abrupt and reciprocal changes from faster to slower rates. The 
faster rale was 66 ; tne slower, 47 per minute. The auricular speed remained 
constant at 55. A study of the polygraphic tracing corresponding to the faster 
beata (included in the brackets) showed an extremely long conduction time, 
the a-c interval varying from ,50 to .55 second. Occasionally the ventricle 
did not respond but contracted at the idioventricular rate (complete heart block). 
This condition existed for one week. Thereafter e!ectrfK"ardiogTams taken 
frequently for a p*'riod of !J years always showed complete block (Fig. 179, 
Plate XV). the auricular s|>eed being 100 to 110, the ventricular 45 to SO per 
minute. The block was uninfluenced by atropin injections. 

Higher rates are occasioiiiilly encountered in heart block. For ex- 
ample, in otie of my cases, the ventricular rate was at one time as high as 
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77 per minute and the rhythm slightly irregular. The following are ex- 
amples of heart block with varying auricular and ventricular fates. Fig- 
ure 197 (Plate X\'}, from a man of HO with myoeaniitis and aortitis, 
shows complete heart block. Figure 198 (Piute XVI) is given in two 
parts: A, illustrntes incomplete block with a 2: 1 rliythra ; li, taken a 
few moments later, shows complete block. In section .1 the block only 




Fig. 197. — Complete heurt blnck. Tho ventricular rate is 30; the niuiculnr, 75 per 
miiiute. (Courtesy of Dr. A. E. Coba.) 



appears incomplete because of slightly varying auricular and ventricular 
speefb. This tracing was taken from a young man who had peritoneal 
tuberculosis witli irregular fever and who, except for the arrhythmia, 
presente<l no sign of cardiac disease. The lungs were normnl. The 
patient had been in the habit of feeling his pulse before his illness ami 
had always found it of normal rapidity, that is, about 70 p,er minute. 
The peritoneal tuberculosis became quiescent following laparotomy. 
The heart block continued- Atropin was injected several times without 
influencing the block. Its only effect was a slight transient increase 
of the ventricular rate. The patient died two years later as the result 
of an accident. A necropsy was performed. In tlie abdomen, omental 
tuberculosis was found, The lungs were normal; there were no en- 
larged glands at the pulmonarj' hilus. On careful macrosct)pic ex- 
amination, the cardiac valves and musculature were found normal. 
Though at tJie present writing, the atrio-ventricular conduction system 
has not been microscopically examined, there wa.s no evidence of any 
gross lesion at the site of the bundle. In other words, there was no 
apparent pathological change in the heart itself to account for the 
block. This case will be etiologically discussed in another place 
(Chapter VIII). 

Clinical Reco^tion of Heart Block. — The ventricular rate in 
complete heart block is usually between 25 and 40, although rates as 
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low as S per minute have been reported. The uurieular beats are often 
heard in the apical repion or at the third left interspace as soft faint 
distant sounds, interspersed between the ventricular contractions, 
Synchronuus with the sounds of the auricular contractions, jugular 
pulsations unaccompanied by carotid beats may be seen in the neck. 
There are no cunipematory pauses in the regular v entricular action of 
heart bhick, thus distinguishing this arrhythmia from extrasystoles. 
Incomplete heart block with cliflnging ventricular ratios, for example 
from 2:1 to refjuires differentiation from sino-auricular l)h)ck ; 

this distinction is base<l chiefly upon the auricular contractions which are 
present and sometimes audible in the first type of arrhythmia, and 
upon the absence of auricular beats, visible or audible, in sino-auricu- 
lar block. It is sometimes possible to diagnose complete heart block 
merely from observation of the pulsations in the neck. Prominent 
pulsations indicative of the simultaneous contraction of auricle and 
ventricle {a +c wave), or aurictdar with ventricular filling wa^■e 
(o -I- r wave) can then be observed. Similar large jugular waves 
sometimes seen with estrasystoles (c's', a'c' or c'a waves) are differen- 
tiated from those in heart block by the slow ventricular rate of the 
latter. 

Pulse Alternation — Pulsus Altemans. — This is a disturbance, not 
of rhythm, but of strength of the ventriculai contractions, and therefore 
of the pulse beats; strong beats regularly alternate with weaker ones. 
Alternation of the pulse is often nut sufficieiitb" uiarke<l to be detected 
by palpation (Figs. 199-2(K)), hence the Importance of radial tracings 
for its diagnosis. It occurs in tachycardia, especially when paroxysmal, 
and results then directly from the ventricular acceleration. Alterna- 
tion is also fairly common after extrasystoles (Figs. 200-201). 

This condition is usually found in patients with dangerously 
weakened mj'ocardimn and is commonly regarded as of grave prognostic 
import. However, alternation is occasionally found in patients with 
normal hearts, or as the result of digitalis medication. The question 
of the mech&nism of alternation is the subject of many conflicting 
opiuions ami theories. The toudition has been ascribed to disturbance 
of the function of contractility; to the fact that not all the ventricular 
fibers contract with the smaller beat; or because the systoles of the 
stronger are of longer duration than those of the weaker beats, thus, 
encroaching upon the rest period of the latter. Electrocardiographic 
tracings of patients witli alternation have partly upset some of these 
hjTJOtheses. For e.xample, there is no evidence that varying amounts 
of ventricular musculature are involved or that the path followe<i by the 
weaker diflFers from that of the stranger contractions ; nor is there any dif- 
ference in rturation of their contraction times. Einthoven suggested an 
explarmtion similar to tliat involved in the irregular pulse excursions 
of auricular fibrillation, namely, that the increased blood pressure of 
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the stronger contractions acting upim a wcakene<i myocardium prevents 
the heart from propcrl>' emptying itself at the next systole, and con- 
sequently produces a smaller pulse. This theory puts the explanation 
a step nearer, but scarcely explains the rhythmic alternating regularity 
in pulse pressure. 

Pulsus Paradoxic. — This irregularity is indicated by a gradual 
waning and waxing in the strength of the pulse heat with respiration, 
but without any change of rhythm. It has been rcgarde<i as chnrac- 
teri.sticof pericarditis with effusion. I have found it especially in eaaes 
of severe myocardial insufficiency. Occasionally the pulse becomes so 
weak and small as to be scarcely perceptible on palpation. 
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CHAPTER VIII 



THE AEEHYTHMUS — THEIE ETIOLOGY AND THERAPY 

At the outset it Is important to emphasize that, although certain 
tj'pes of anrhythmias may be associatetl with various pathological en- 
tities, almost any irreguUurity may be the result of noQ-organic, neuio- 
genic, 30-caUed ' functional ' abuses. From tlie stamlpoint of et!olog>% 
therefore, it i-i necessary first to discover, if possible, whether the 
arrhythmia is of functional or of organic origin. Therapy will be only 
briefly touched upon here ; fuller details will be found in the chapter on 
Circulatory Remedies (Chapter XVI). 

Sinus Arrhythmia 

As a physiological phenomenon, sinus arrhjlhmia is quite common 
not only in children and young adults but in the middle-aged. It is, 
however, not confined to normal hearts. I have found the condition 
in young individuaLs .suffering from aortal or mitral disease. The hearts 
of these patients were compensated ; they had not received digitalis. 
Possibly this arrhj-thmia in patients with heart disease can he regarded 
a.s a favorable sign, since it is an ev^idence of physiological vagal control. 
It is also frequent as a phenomenon after febrile respirator; catarrh 
terminating by critical defervescence. The arrh>'thniia is then regarded 
by many observers as the result of toxic or infectious myocarditis. Its 
innocent nature, however, h proven by its disappearance within a few 
days, and by the absence of all sigas of cardiac disease. Sinus slowing 
is sometimes a purely pathological occurrence; it then bears no 
relation to breathing. For e.ijainple, it occurs in severe secon<lary 
anemia following sharp hemorrhage. I have observed two such cases. 
In both the sensorium was clear and the arrh.vthmia gradually disap- 
peared with improvement in the anemia. In sucli instances, I believe 
sinus arrh\'thmia due to nutritional changes in the sino-aiu-icular node, 
or to increased vagus inhibition on the part of the cardio-inhibitory 
center. In another case, an adult whose heart at necropsy showed 
marked presenile cardiosclerosis involving the endocardium, mitral 
valves, aorta and the coronaries, the pulse ranged between 50 and 60 
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during the last year of life. Polygraphic tracings showed sinus ar- 
rhythmia. Microscopical examination of the sino-auricular node was 
not made ; sclerotic changes in that region may have been the etiological 
factor. 

Physiological sinus arrhjthmia, or sinus arrh\thmia encountered in 
febrile crises, fe<iuires no medication. When due to the other etiological 
factors above mentioned, treatment should be directed to them rather 
^an to the arrhythmia itself. 

SiNo-AtTRicuL.KR Block 

This is usually the result of digitalis poisoning. It has also been 
produced by pressure over the va^s in the neck, by pressure upon the 
eyeballs (oculo-cardiac reflex) in human beings and by various experi- 
mental procedures in aniinals. It is occasionally the result of tobacco 
poisoning (Fig. ITS, Fig. 179, Plate XV). Otherwise it is exceedingly 
rare as a clinical phenomenon. The condition in itself requires no 
medication unless accompanied by dizziness ; atroplo. sulphate is then 
sometimes of value. 

Exm^sYaroLES 

Though there are exceptions, auricular extrasystoles are usually 
of functional origin ; the ventricular may l>e functional or organic. 
When organic, auricular or ventricular extrasystolcs may mark the be- 
ginning of decompensation and then remain as permanent arrhythmias. 
In acute heart failure, they are sometimes the forerunners of a fatal 
termination. The onset or exacerbations of acute endo- or pericarditis 
may be accompanied by extrasystolcs. We do not know in what manner 
organic lesions increase ventricular excitability and thus produce pre- 
mature contractions, although it seems probable that impaired cardiac 
nutrition plays an important rSle when severe cardiac disease Is present. 

When extrasystoles are found in cardiac failure, the treatment of 
the latter is the prime consideration (Chapter XVI). Wlien caused 
by endo- or pericarditis, the tlierapy consists mainly of salicylates in 
large doses. Occasionally the addition of bromides is of value. 

Functional Extrasystoles of Eztrac&rdiac Ongin. — Gerebellar and 
cerebral conditions which exert pressure directly or imlirectly upon 
the cardio-inhibitory center can <^use premature contractions. These 
factors apparently act by direct excitation of the vagus center. Thus, 
a patient with cerebellar tumor and normal circulatory apparatus had 
occasional extrasystoles fluring the last few months of life. That they 
were due to pressure was demonstrated at operation for removal of the 
tumor. The latter was deeply seate<l, each attempt at its removal 
being acompanierl by premature contractions. Acute g&stric disease 
vrith v^ago-excitative characteristics, less often intestinal disease, are 
occasionally accompanied by extrasystoles, usually auricular in type. 
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Their etiologj* has been variously explaineti. Tlie usual theory is that, 
after a meal, the distended i^tumach presses the diaphragm agaiost the 
heart, thus embarrassing circulation. Another reason given is tiie 
action of absorbed toxic- products upon the neurogenic cardiac control. 
In the majority of cases that have conae under my observation, the extra- 
systoles occurred most frequently when the stomach v:as empty. Several 
of these patients, flunroscopeil after a bismuth meal, showed no gastric 
distention or other evidence of abnormal pressure against the diaphragm ; 
in fact, their stomachs were contracted and hypermotility was present. 
These observations nullify, I believe, the commonly advanced theories. 
The intimate physiological relationship between the nerves of the stom- 
ach and those of the heart lead me to believe that extrasystoles accom- 
panying gastric disturbances are probably cause«I by reflex excitation 
of the cardiac nerves. The path of the reflex arc is not clear. 

A.cute inflammation of the gall-blAdder and bile dacts, with or with- 
out gastric symptoms, may also be accompanietl b\' premature contrac- 
tions. Though the theory is based upon insufficient data, toxemia has 
been assumed as the etiological factor for the extrasystoles. The ar- 
rhythmia is often present very early in the disease, when ejctensive toxic 
absorption appears improbable. Similar to the views expresse<l witli 
reference tt> extrasystoles in gastric disturbances, I believe that most 
cases occurring in gall-bladder disease are caused by reflex excitation 
of the neurogenic cftntrol of the heart, though at present the centripetal 
nerve-path involved is unknown. 

Peritonitis is another disease in which premature contractions may 
occur. One ca^jc of appendicitis, followed by general peritonitis and 
death, in an elderly individual with cardiosclerosis, had ventricular 
extrasj'stoles at the onset of the attack ; during the last few days of life, 
auricular fibrillation was present. It was impossible to decipher the 
\arj'ing roles playeii by toxemia and reflex ner^-e excitation in the 
proiluetion of these arrhythmias ; in this case I believe both were factors. 
. The onset and «risU uf &cat6 catarrhal febtile i^ections are fre- 
quently market] by premature contractions. The latter are generally 
rejrarded as evidence of toxic myocarditis. For se\'eral reasons this re- 
lation.ship seems doubtful to me. Most of the cases I have obser\'ed were 
not toxic: the extrasystoles occurre<t with mild grippe and tonsillar 
affections In patients who scarcely felt ill. The arrhythmia was found 
at the crisis or immt'<liately thereafter when the severe symptoms 
had disappeareii. There were no circulatory sjniptoms. On clinical 
grounds, therefore, it seems probable to me that these extrasystoles are 
due to abnurmal products (toxins?) flowing in the general circulation 
and affec'ting the cardio-inUbitory center and not the myocardium. 

Regarding extrasystoles in pneumonia, it should at the outset be 
stated that this disease can insidiously cause severe cardiosclerosis 
{Chapter XI) ; but this does not npply to the question of premature 
coutractiona occurring in the acate stage of pneumonia. Unless cir- 
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dilatory symptoms are already present, pneumonic patients with criti- 
cal or post-critical extras j-stoles do not suffer from cardiac failure &s 
a result of the arrhythmia. The latter usually disappears within a few 
days without any treatment. If myocarditis or other severe pathologi- 
cal damage in the heart catised these extrasystoles, symptoms of cir- 
culatory failure, instead of being absent, would be prominent. The 
present theory regarding crises is that the system is at such times sud- 
denly flooded with toxins elaborated in the pneumonic area. That 
the cerebral centers become involve"! is shown by critical sweats and 
vasomotor sjTiiptoms. Correlatini? these oljservations, it seems most 
likely that the extrasystoles are the result of pneumonic toxins acting 
on the cardio-inhibitrtry center. 

Among drugs, the digitalis botlies, less frequently the salicylates, 
produce extrasi-'stoles. When the former are given, the arrhythmia 
is usually coincident with their full therapeutic effect {Chapter XVI). 
Fright and epileptic seizures, overindulgence in coffee, tea, and tobacco, 
are additional causes of premature contractions. The latter also occur 
in conjunction •nith the vasomotor symptoms of the climacterium- 

There still remains a group of patients in whom no cause for extra- 
systoles can be discovered. It is interesting in this connection to note 
that functional extrasystoles, even though they later disapjiear, are 
apt to recur after any slight disturbance (for example, overexertion, 
acute indigestion) which reflexly affects the normal inhibitory control. 

Therapy. — Such underlying diseases as gastric disturbances, ai>- 
pendicitis, etc., naturally require their appropriate remedies; the 
presence of extrasystoles in no wise affects the usual therapeutic in- 
dications and procetiures. Unless extrasystoles of reflex or neurogenic 
origin cause such subjective sensatioas as " fluttering in the chest," 
transient faiotness, etc., or are in themselves causes of circulatory 
failure (an exceedingly rare occurrence), they require no therapy. When 
mcilication is indicated, the bromides are of mmt value. Digitalis has 
oocasiimally been advised because of its effect in increasit^ vagus in- 
hibition. 

True Br.ojtcahdia 

The term has already been tiefined (Chapter V* 11) . It may appear as 
a rare congenital anomaly in patients with normal hearts and circulatlon. 
A sequential rhythm and puL-^e rate between 45 and iillper minute are 
sometimes encountered in senile carrliosclerosis. Most cases of true 
bradycardia are of eztracaidiac origin. Patients with lead colic and 
g astro-intestinal disorders, accompanied by alxlominal pain, belching, or 
diarrhea, are apt tn huvc a slow pulse. This is probably due to reflex 
vagus inhibition from excitation of gastric and intestinal nerves. 

Catarrlial jaondiice is not infrequently accompanied by true brady- 
canlia, and is usually a.scrihed to toxic myocarditis. In the patients 
whom 1 have observed, there was no evidence of the latter disease. 
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The bradycardia in these cases may be ascribed to two causes : in those 
with cholemie symptoms it is probably of central inhibitory origin ; in 
nnn-toxic cases with painful local symptoms, it is due, I believe, to 
reflex vagus inhibition from excitjition of the nerve filaments surround- 
ing the gall bladder. 

Appendidtia. — Slight bradycarflia with pulse rates between 60 and 
6a per minute is occasionally encountered in appendicitis. Myocardial 
involvement or quiescence of the inflammatory lesion has usually been 
assume(1 as the cause. I'nless general peritonitis and severe toxemia 
are present, the first factor seems improbable. Regarding the second 
factor it appears more hkely that a slow pulse is an indication of con- 
tinued and active excitation at tlie inflammatory focus rather than an 
evidence of its quiescence. 

Among drugs, the digitalis bodies and salicylates cause this ar- 
rj'thniia by increasing vagal inhibition, 

Epileptics occasionally ha\'e an abnormally slow pulse. This is 
also true of those types with so-called vago-vasal attacks (Gowers) in 
which there are no c-onxTilsions, but vasomotor symptoms, vomiting, 
syncope, ami pains along the distribution of the intercostal nerves. 

A slow pulse is also fairly common at the crises of febrile pulmonary 
affections, or during the course of the disease. Wiien present at the 
crises, I lielieve it is due to the neurotropic effect of tiie toxins liberated 
during critical defervescence. 

Therapy for bradycardia is only indicated when the slow pulse rate 
is accompanied by subjective symptoms. Atropine is then of most 
value, given first in small, later in increasing doses, until the full physio- 
logical effect has been reachetl. 



CLINICAL AND EXPEUIMENTAL CAUSES OF AURICULO- 
VENTEICULAR HEART BLOCK 



(a) Destruction o( the jl-K bundle or aurie- 
ulo-nodal junction by tumors (beni^ 
or malignant), c&k'areous d<?posils, 
fatty and inflammatorj' infiltration. 



1. 



Cardiae Cause* ^"-^ depeneralion. eon 

hemorrhagp in the node, 



(b) Severe myowirdial dcgcn oral ion. — ^De- 




DrufTB (Digitalis — Morphine — NiootineCf)). 
(a I Asphyxia, 



Btruction of tho branchpa or terminal 
arborisations of the conductioii sys' 
tern. 



r n. 
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EXTRA- 
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Factors 



IV. 
V. 



Interference ^ith wrebiial circulation. 
Abnormal prt'ssure on the <!ardio-inJiib!tory center. 
Abnormal prestsure 0& the vagus. 
Increased vagal inhibition. 

(a) Digital pressure on the vagus. 

(b) Peripheral excitation. 
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VII. 
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Heart block is here used to denote auriculo-ventricular dissociation, 
complete or incomplete; it does not refer to lengthened conduction 
time, blocketl auricular beats, or to sino-auricular blot'k. t have made 
and adopted the etiological classification given above, which probably 
includes the great majority of known factors. 

I. (s) Any lesion which completely severs or destroys the main 
branch of the conduction system prtxluces complete heart block. If 
tJie destructitjn is incomplete, there may be enough healthy strands to 
carry impulses from auricle to \'entricle. A suddenly deficient cor- 
onary supply, the result of thrombosis, infarct, or disease of the nutrient 
arterj' of the bundle of His, can so profoundly disturb the nutrition of 
the conduction system as to produce transient or permanent heart block. 

L (fe) Just as fibrotic and calcareous degeneration in the conduction 
system are almost invariably accompanied by gross pathological change 
in the ventricular musculature, so in extensive cardiosclerosis there 
are often fibrotic and other degenerative changes in the connecting 
bundle. Even if the bunclle is sufficiently normal to convey auricular 
impulses, cardiosclerosis in itself can probably produce heart block 
by the destruction of the branches or terminal arborizations of the 
conduction system in the ventricular musculature, in this manner pre- 
venting impulses from reaching their final destination. On the other 
hand, even if these branches and their ramifications are sufficiently 
normal to carry impulses from auricle to ventricle, the ventricular 
musculature may be so diseased as not to be capable of a normal 
response. Any or all of these causes (group I (i>)) may operate in those 
cases of heart block in which the main conduction system is found quite 
or fairly normal upon pathological examination. 

Therapy. — When sj^philis is the etiologic factor, vigorous antiluetic 
treatment — salvarsan, bichloride injettions. and iodide of potash are 
indicatetl (Chapter XIV). The advisability of using digitalis and atro- 
pine in cartiiac disease with heart block is discussed in a subsequent 
chapter (Chapter X\T!). 

I I. Digitidis can produce complete or incomplete block. The 
arrhjlhrnia has lieen observed not only in those patients with heart 
disease, but it has also been experimentally induced in those with healthy 
hearts. Complete heart bhx-k has been induced by the injection of 
morphine in dogs, an<l was there rcgardeii as an effect upon the cardio- 
inliibitory center Morphine poisoning in man is sometimes accom- 
panied by \'ery slow pulse rates. These have never been graphically 
retsjrded ; they may W due to the same cause found in the atiimid ex- 
periments; namely, heart block. Tobacco poisoning is occasionally 
accompftniefl by a \'er>" slow pulse. To determine its precise nature, 
graphic tracings are necessary. In this manner it may in the future 
be demonstrated that some of these tobacco arrhythmias are likewise 
due to heart block. 

III. {a] In animah, the experimental production of asphyxia is 
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accompanied by varj'Ing degrees of heart block ; the essential cause 
is assumed ti> be nutritional disturbancea from lack of oxygen in the 
junctional tissues. With our present imperfect knowledge of the 
chemistry of the blood, it is impossible to state whether other chemical 
factors (group III (b)) can act similarly in the prwluction of heart block 
by profoundty interfering with cardiac nutrition. Such factors are; 
abnormal constituents in the bfotHl, causing lessened bkM>d alkalinity 
(acidosis) ; chemical poisons elaborated in infectious diseases (toxins} ; 
and anaphylotoxins. Regartling acidosis, I ha^'e several times observed 
heart block in the agonal stages of patients suffering from cardioscle- 
rosis and nephritis, in whom electrocardiograms showed \'ery rapid and 
irregular auricular and ventricular activity (Agonal Arrhythmias, Chapter 
VII). Cyanosis was not a constant factor. Blood examinations for 
non-protein nitrogen and other products were not made, but from the 
clinical synflromc, it seemed that retaineil chemical poisons were the 
essential ciiuse of the arrhythmia. With reference tf> toxiiLS, it has been 
shown experimentally that transfused pneumonic bltMKl profoundly 
impairs cardiac contractility. I have had occasion to study two cases 
which have a bearing upon these experimental observations. Both 
developed heart bliK-k tluring the anirse of pneumonia. In one an 
autopsy was perforraeil. I pon macroscopic examination ttie heart 
was found normal. Careful microscopical examination of the con- 
duction system also showeil that it was normal. Such clinical and 
experimental observations indicate that in pneumonia, at any rate, 
toxins have not only an action upon the cerebral centers, but also a 
local action upon the heart. Block may then result from interference 
with nutrition of the J- 1' conduction system either alone or in con- 
junction with the remainder of the caniiac masculature. Complete 
heart block has been prtMluced in animals by producing anaphylaxis; 
the cause is assumed to be due to an effect upon the heart itself. 

IV, Interference with Cerebral Circulation. — This factor prob- 
ably operates by interference with nutrition of the cardio-inhibitory 
center. Sclerotic changes in the arteries at the base of the brain is 
the pathological condition most frequently observed. In one reported 
ca-se of heart block, few changes were found in the conduction system 
or cardiac musculature, the cerebral arteries constituting the circle of 
Willis were markedly di.seAse*!, the brain was normal. Tumors and 
other pathological conditions which impede cerebral circulation may 
have a similar effect in producing heart l>lock. 

V, Abnomal Pressure on the Cardio-inhihitoty Center. — Such 
pressure is directly or indirectly brought alxmt by cerebral, cerebellar 
or pontine tumors, ventricular cysts, meningitis, hydrocephalus, etc. 

VI, Abnormal Pressure on the Vagus. ~ Tumors and adhesions 
are the most likely pathological entities which may have this effect. 
One case of heart block from pressure on the vagus has been reported ; 
a large tumor in the anterior mediastinum involving the nerve was found. 
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Ml. iDcreased Tagal Inliibitioii. — It has been shown that in chil- 
dren with heart disease, digital pressure on the vagus in the carotid 
sheatli may be followed by temporary heart block. This manoeuver 
probably acts by eausing increased vagal inhibition. A case has also 
been reported in which swallowing induced heart block in a patient 
with delayed conduction time. These are examples of the induction 
of this arrhythmia resulting from direct excitation of the vagus in sus- 
ceptible individuals. 

(b) Reflex Peripheral Excitation ot the Ta^us. — I have observed 
cardiac inhibition with t!ie pnxluction of block, apparently rettexly 
invoked by peripheral stimulation of the pneumogastric branches sup- 
plying the stomach. The clinical history of the patient showed that 
the pulse had been normal liefore the onset of tuberculous peritonitis 
from which the patient sutferetl when he first came under observation. 
Fur several weeks high temperature and abdominal pain had been 
present. The alxlomen was openetl, and fluid evacuated. Some weeks 
after operation, the symptoms of tuberculous peritonitis entirely sub- 
sided. Two years later the patient was killed in an accident. Com- 
plete heart bluck, as shown by polygraphie and electrocardiographic 
cunes. was present before and after the operation, and up to the time 
of the patient's deAth. The presence of the arrhA-thmia caused no symp- 
toms. A necropsy was performer! ; the lungs were found normal ; a 
mass of enlarged non-suppurating tuberculous glands adherent to 
stomach and intestines was found. Careful macroscopic examination 
showed the heart to be absolutely normal. At the present time the 
microscopical examination has not been completed ; but careful scrutiny 
of the conduction system showefl the absence of any gross lesion. 
Toxemia as a cause of the heart block could lie excludetl, for the patient 
was clinically well, had hud no temperature, and was at work for months 
prior to his death. Weighing the pathological and clinical data, it 
seems probable to me tliat the heart block was due to abnormally in- 
creasetl vagal inhibition rcflexly excited by involvement of peripheral 
nen,e filaments in tlie tuberculous foci. 

Therapeutically atropine sulphate should lie tried in all cashes of 
heart blwk ; it should be given liypoilermically until the full physio- 
logical effect is reached, .\ppropriate treatmertt should be directed 
against the individual etiological factors. 

Prolonged Cootuction Time 

Among drugs, digitalis occasionally pn»duces this arrhj-thmia. The 
chief cardiac cause is myocardial degeneration ; indeed, a prolonged 
a-c interval may be the only evidence of thi.** dbease. Prolonged con- 
duition time is encountered during the course of, or immediately after, 
attacks of rheumatic endocarditis. It b also met with in acute or sub- 
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acute nephritis in which there are none of the usual clinical manifesta- 
tions of myocarditis. The arrhythtnia is occasionally of neurogenic 
origin. Tkerapy is indicated for the symptoms of myocarditis or for 
other etiological factors, but not for the prolonged conduction time. 

Shortened Conduction Time 

I have found this arrhythmia especially frequent in exophthalmic 
goiter (Chapter IV). The fact that experimental excitation of the 
right accelerator nerve is accompanied by a slightly, and of the left, 
by a considerably, shortened conduction time is doubtless of etio- 
logical significance in exophthalmic goiter, in which the chief sjTnp- 
toms are due to excitatictn of the sympathetic system. With 
shortencfl conduction time tachycardia is usually present; the latter 
with other clinical manifestations may require medication, the short- 
ened conduction time in itself does not. 

AuRicuiAB Fibrillation 

This is the usual arrhythmia acctimpanying decompensation in 
rheiunatic mitral stent)sis in the young and middle-agetl. It is some- 
times found in children ; I have seen several instances in patients 
between 10 and 12 years of age. The frequent association of auricular 
fibrillation with mitral stenosis ha.s never been satisfactorily explained. 
It is known that stenosis is often accompanied by hypertrophy and 
dilatation of one or both auricles. Destructive changes in the sino- 
auricular node, similar to those observed in older patients with cardio- 
sclerosis and auricular fibrillation, have been descril>ed in isolatetl in- 
stance*. In adtlitioii to these pn>found pathological changes, it appears 
to me that mechanical auricular overdistention fto which attention 
has not been directed) may play an etiological rfile in the production 
of the arrhythmia. Overthstention may, for example, prevent the 
proper performance of coordinate rh\'thmical wjntractions to normal 
stimuli, and in their stead, the answer to stimulus production consists 
in the irregular, vermicular, inccnordinate contractions characteristic 
of auricular fibrillation. The auricular structure and the method of 
trttnsmissi<m of the excitatinn wave (Chapter VIJ explain fibrillation, 
in both auricles after one has been affected. 

Auricular fibrillation is found less frequently in rheumatic aortal 
lesions. It is an extremely common arrhythmia in all types of cardio- 
vascular disease in the aged (Chapter XV). 

In cardiac disease with decompensation auricular fibrillation is 
usually permanent. It may, however, be transient or occur only in 
attacks. I have observed such attacks lasting several days in two eases of 
aortic aneurism. In one, it occurred with the gradual onset of severe de- 
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compensation ; in the other.'there was no discoverable cause for the attacks. 
Another instance of transient auricular fibrillation was that of a woman 
of 60, a sufTcrer from mild myocanlial insufficiency, who had been oper^ 
ater] upon for empyema of the gall-bladder. Following the operation, 
there were several distinct attack* of brcmcho-pneumonia. the onset 
I if each being marked by a mo«lerate rise of temperature, and by auric- 
ular fibrillation lasting one day. In mitral stenosis, pari passu 
with fresh exaf-erbations of endocaniitis, auricular fibrillatio'n may 
occur. Thus, in a man of 45 with a double mitral lesion, from whotse 
blood a nou-haemolj'tic streptococcus was isolated, each sharp febrile 
invasion was acctmpamed by an attack of auricular fibrillation; these 
attacks lasted several hours or days. Patients with mitral disease 
who suffer from acute febrile disturbances of non-rheumatic origin are 
also prone to attacks of this arrhythmia ; these may last throughout the 
fever. I have seen two such insUmces: one, a patient with mitral 
regurgitation, the other with mitral stenosis ; both developed fibril- 
lation during erj'sipelas. Auricular fibrillation may also be an initial 
sj'mptom of coronary embolism or thrombosis. 

From these observations it is evident that in diseased hearts any 
additional insult to the endocardium, myocardium, or coronarj' arteries 
may be accompanied by auricular fibrillation. The permanence of the 
arrhythmia may depend upon the severity or permanence of the path- 
ological damage. 

The sovereign remedy for this irregularity when found in decom- 
pensated cardiac disease is digitalis. The details of its admiiii«;tration 
are elsewhere describeil (Chapter XVI). I have occasionally added 
large doses of bromide, or have initiated digitalis meilication with one 
or two large doses of morpliine when patients were very dyspncBic or 
restless. 

Articular fibrillation wciirs very exceptionally in patients with 
normal hearts. I have observeil several cases of temporary aiu'icular 
fibrillation coming on at the critical defervescence of lobar pneumonia; 
there was no evidence of heart disease or heart failure during the entire 
course of the disease or during convalescence. Some of these patients 
were examined months after the pneumonia. Their hearts were found 
|>erfecrtly normal. Temporary or permanent auricular fibrillation is also 
fairly common in exophthalmic goiter. Apparently liere influences 
affecting neurogenic caniiac TOntrol are the essential factors. I have 
likewise seen auricular fibrillation In a man wHth a normal heart who 
was a very heavy smoker. A case due to hydrogen sulphide poison- 
ing in a man with a normal heart has recently been rcportetl. 

In those cases of fibrillation which are apparently of toxic or of 
neurogi'nic origin. I have found x'ery little value in digitalis ; the pulse 
or ventricular rate was not appreciably affected ; dyspnoea, if present, 
continiietl. Large doses of bromi<le, alone or combined with small 
doses of cudeine, seemed occasionally of value. 
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Simple Tachycardia — Ordin.\rv Pulse Acceler.vtion 

Rapid, regular pulse rates usually range between 120 and 180 per 
minute, and are the result of excitation of the accelerator nerves, The 
causes are manifold. Kxeitemerit, fright, overexertion, fever are some 
of the commoner. In exophthalmic goiter, tathytarclia h one of 
the cardinal sympttums. Gastro-intestinal disturbances of functional 
or organic nature are frequently aecompanietl by rapid heart action. 
Persistent tachycardia may be the only clinical evidence of a fresh ex- 
acerbation t>f an old endocarditis. Cardiac decompensation from any 
source is often aecompanicfl by moderate tachycardia, and is sometimes 
the forerunner of other arrhythmias. Among other causes of rapid heart 
action are dyspncea from pulmonary disease, tabagism, overindulgence 
in tea and coffee, and atropine. 

Pulse acceleration requires medication only when the pulse rate is 
high or subjective sensations are present. When tachy^anlia is due to 
fever, tligitali» has no effect in rnlucin^ the pulse rate. The bromides 
or codeine are occasionally efficacious in slowing the heart in such cases. 
Digitalis may decrease the pulse rate when the tachycardia is due 
to cardiac decompensation. 

Paroxysm-vl Tachycardia 

This is more often of functional than, of organic origin. Its most 
frequent extracardiac cause is acute indigestion, and Is then apparently 
due to reflex excitation of the accelerators, I have seen several patients 
in whom every attack of indigestion was accompanied by this arrhythmia. 
In a woman of 5() witli al>doininal cancer, gajstrie symptoms and severe 
secondary atiEemia. slight fright or nervous excitement would frequently 
initiate an attack. At necropsy, the car<liae musculature was somewhat 
pale, otherwise the heart was normal. In another patient, a woman 
of 45 with a luetic history and positive bIoo<l Wassermann, sudden gas- 
tric attacks also iivitiated paroxysmal tachyrar<lia. It is interesting to 
note tliat ^ilU•irlg these attacks there was marketl dilatation of the left 
pupil, an evidence of sympathetic nerve excitation. 

In addition to treatment directed to the cause (gastric sedatives, 
etc.), sudden firm pressure over the vagus in its course in the neck may 
occft-sionally suddenly arrest the arrhj'thmia. Pressure on the right side 
should be first trietl ; if this does not succeed, pressure should be exerted 
over the left vagus. Similarly, pressure on the right or left eyeball 
can be tric<l in the attempt to induce the oculo-cardiac reflex. Inducing 
emesis may also affect the vagus control. Strophanthin may be em- 
ployed hypodermically or intravenously because of its quick, powerful 
effect in increasing vagus inhibition. If these procedures or drugs are 
unsuccessful, morphine or the bromides are indicate<i. 
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AmucuL.'SJi Flutter 

This arrhj-thmia is most frequent in older people with cardiosclerosis 
in the peritxl of decompensation. It can alsu occur during the course 
of acute endocarditis without detomijeiisation. Occaisionally auricular 
flutter i^ of functional origin. In acute endocarditis, digitalis diies not 
control the arrhythmia. Since the drug lias not been employed in flutter 
of functional nature, nothing is known of its effect in such eases. Jn 
auricular flutter with decompensation and cardiosclerosis, digitalis 
(Chapter XVI) h of very great value. Its administration is then fol- 
tmvcti by auricular fibrillation ; if the drug is then discontinued, normal 
rhythm is resumed, and, coincidently, return to compensation, 

Ventricul.ui Esc-U'e- — Independent Ventrictil.\k Acrrvnr 

A brief report of a case of this interesting and rare arrhythmia 
follows. The etiological factors iiivolvefl in this and other patients 
with this arrhj'thmia is discussed in the comment following the case 
report. 

S. P., male, aged 20, was first observed on February 4, 191 3. He had 
measles when 3 years old and typhoid when 10 ; otherwise there was no 
history of any previous illness. He was not addicted to tea, colTee, 
tobacco, or alcohol. Five days previously he developed a tj'pical attack 
of acute articular rheumatism involving the ankJes, w rists, knees, and 
elliows. The attack was accompaniefl by fever; there were no chills 
or gastric disturbances. 

Except for swelling and redness of the inflamed jointii. the general 
and neurological examination revealed nothing abnormal. There was 
no urethral discharge. The complement-fixation test for gonorrhoea 
was negative. The cardiac outline was normal to percussion, the apex 
beat was in the fifth interspace, 8.5 cm, from the midsternal line; the 
heart sounds were normal ; the pulse was rhjlhrnical. The systolic 
and diastolic blood pressiu-es were within normal limits. The tempera- 
ture range*! between 101" and 10.1*. There was no dyspnoea. The 
patient did not appear very ill. Sodium salicylate in moderate doses 
was given for two tlays. 

Two days after hospital admission, a transient pulse irregularity 
appeared. Six days thereafter, it reoccurred and clinically rciserabled 
extra s\'stoles ; no tracings were made at that time. F'ebruary 12, the 
irregularity occurred every thini or fourth beat. From that day fre- 
quent polygraphic and, later, electrocardiographic tracings were taken. 
Kebruan.' 14. for the first time a rough blowing systolic murmur was 
heard at the apex. Occasionally there were runs of from three to tweh e 
stronger thumping beats unaccompanied by the murmur; studies of 
the tracings showed that these beatj^ were due to simultaneous action 
of auricle and ventricle. Four days later the arrhythmia appeared only 
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infrequently and the systolic murmur had almost entirely disappeared. 
The patient left the hospital feeling well. 

As possible CAUSes for the production of automatic ventricular action, 
neurogenic, toxic, and organic factors require consideration. A neu- 
rogenic factor in the sense of a so-called neurosis due to extracardial 
conditions (for example, gastric disorders) causing abnormal excitation 
in the centripetal arm of a reflex arc, can be here dismissed because of 
the tj-pe of the disease, its course, and the definite completion of the 
arrh\i;hmia with the end of the rheumatic attack. Concerning toxins 
their acticjn seema to dejwnd upon their c(»mplicated chemical composi- 
tion and upon intricate chemical reaetiofLS taking place in the body. By 
analogy, it seems possible that a rheumatic toxin may also produce a 
similar arrhythmia, though there is no evidence for the assumption in 
this case. Concerning an organic cause ff»r the arrhythmia, it is recalled 
that the patient developed a loud systolic murmur at the apex, one week 
after the appearance of the arrhrthmia ; the murmur remained for two 
days, then gradually Hisappeare<i. It also disappeared when auricle 
and ventricle cf>ntracted simultaneously, an apparent corroboration 
that it wa§ due to mitral insufficiency, organic or relative in nature. 
It is not my intention to discuas cartliac murmurs at any length in this 
connection. Briefly, systolic apical murmurs which occur during the 
course of any febrile disease, and then disappear without evidence of 
an organic cardiac lesion, are by no means infrequent. On the other 
hand, organic murmurs usually increase in intensity and do not dis- 
appear. The occurrence of the murmur in conjunction with acute 
articular rheumatism makes its presence suspicious of some transient 
valvular or myocardial involvement. Rheumatic infections cause 
rayocanllal inflammatitm in the ft)rm of submiliary myocardial nodules 
(Aschofif bodies, Chapter XII). Healetl or heaHng isolated Aschoff 
luKltes have been found on the interventricular septum in hearts 
which were the subjects of rheumatic reinfection. During their in- 
flammatory state, if situated close to or even partly involving the 
bundle of His Ix'fore its division, they can conceivably cause local 
irritation sufficient to prcHluce occasional ventricular automatism with 
beats of supraventricular ori^n. The bundle, however, need not be 
sufficiently compromisetl to prevent the idioventricular impulse from 
fttllowing its normal course in the conduction system — a fact which 
probably accounts for identical electrocartliographic complexes of all 
beats, rhythmic and arrhythmic. 

Right tin<t left vagus pressure had no effect on auriculo-ventricular 
sequence. One of the atropine experiments was followed by a number 
of independent ventricular contractions, with no marked difference 
between ventricular and auricular rates. This observation does not 
necessarily exclude the possilnlity of an organic cause for ventricular 
automatism, becau.se an irritative lesion which does not entirely and 
|>ermanently compromise the bundle tnay upset normal nerve control 
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and mechanism and make the latter susceptible to atropine poisoning. 
It would thui* seem that the automatic ventricular mechanism was not 
sufficiently sensitive to respond to vagus pressure, but that atropine 
pobooing prevented the inhibitory vagus control and pernoitted ventf ic^ 
uJar escape. 

Summarized, a ca.se of independent %'entr)ciilar activity is described ; 
the lowest ventricular rate is 56 per minute, the usual rate is 60 and 
remalos so whether ventricular automatism is present or not. The 
electrocardiographic complexes of all beats are identical. At one time 
atfcjpine administration is followed by \'entricular escape. The occur- 
rence of automatic activity during the course of acute articular rheu- 
matism and its disappearance later, and a study of the physical signs 
make it probable that a small transient myocardial inflammatory focus 
at or near the auriculo-ventricular bundle is the irritative cause of the 
abnormal mechanism. 

Therefore it may lie stated that transient independent ventricular 
activity may occur with no change in the path followed by the idio- 
ventricular impulse, with no difference of rate between normal and ab- 
normal beats, and with no marked retardation of the auricular rate. 
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CHAPTER IX 



0BTH0DIA8C0PT AND FLUOBOSCOFT 

Definition of Orthodiascopy. — Orthodiascopic examination con- 
sists essentially in a method of outlining a viscus by means of parallel 
roentgenographic rays; in this manner the exact size of the organ is 
repnxlucecl. With the tube stationary and near the patient, the rays 
are divergent; hence the object to be examined becomes artificially 
enlarged. This distortion is magnified if the organ itself be large, for 
the impinging rays become still more divergent; an hj'pertrophied 
heart, for example, produces a disproportionately enlarged shadow. 
This was well exemplified in a case in which the roentgenogram taken 
two days before death showed the shadow of a tremendously enlarged 
heart. At necropsy the heart was found only moderately enlarged ; 
pericarditis causing a tightly adherent pericardium prevented agonal 
cardiac dilatation which might have been assumed as the cause for the 
enlarged roentgenographic shadow. 

Two methotls of avoiding distorted images have been de%'ised. 
(1) Teleroentgenography: the X-ray tube is placed about 6 feet from 
the patient, so that the rays reach the organ approximately parallel. 
This meth(Hl has given satisfactory and fairly accurate results. (2) 
Orthodiascopy : the focus of the X-ray tube and the center of the screen 
are a(ljuste<l so as to be in a straight line; the X-ray tube and the 
fluoroscopic screen move together. Any series of points which outline 
a viscus arc brought in alignment so that, with the movement of the 
tulie and screen, parallel and not divergent rays impinge upon the 
organ and reach the observer. 

Orthodiascopy 

The Oroedel apparatus is the one I have found most suitable for 
orthodiascopy of the heart. Examinations can be made in the sitting, 
standing, or lying postures. For convenience, and the comfort of the 
patient, I prefer the sitting position. After the patient is properly 
seated (see legend. Fig. 2()2, Plate X\1I), the room darkened, and the 
electric foot switch turned on, a rapid sur\'ey is first taken of the entire 

no 




Fio. 202. — GfoedeJ Ortbodiaaeope. froat view. 

The paiient aits with hia fwil rpstiEif! comfortably on the odjusl^ble ntep (ST) ; th* Hidt 
UtM iSP) can be iowi;rei| or roi!*<>d unci pushed in or out ; they are placed ao that they 
t anuoly in the luilliD aad uKuinst the chest of the paticat. The fluonweopie annea 
(FiS) is gnsiTed by the fingpr of the ri^lit hand in a ginall rinic (R). The bej B' euiyi'iiir 
the seieeii in connectod by the hollow rroaabnr (CB) with tJie bftr B" ; thn latter carries 
tb« X-rsy tube ao that nay motion inip&rtod to the fluorowwpic screen by the obterv«r 
mow Uw X-ray tube m well. By looseolnx the nut [Al the bar (B') may be ftlid along 
thm eiomlbmt mad the ktwd may be plaMd any convenient dlitan<:e from the patient 'i 
«hMt. 

RB « ruhbor bulb uaoct far markiiiit piirpOAM ; 

SC - 9]idinK,«>unt^riireieht«i mi that the scTMn Mod X-ray ban may prapMly 

cuiiiiterpoiaed ; 

C - fTnni.* used to place the table in the boiiiontal poaition if necMaaiy ; 
LS - leveli&t Acrewa : 
fSw • the electricfU foot aw)(ch> 
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lieart by tnovinp the fluoroscopic screen over the cardiac area. The 
cardiac outline is then sy stematically mapped out. The central spot 
of the screen (F.S. Fig. 202, Plate XVII) is brought over the edge of the 
area to be delimited ; this point is then marked by pressing the rubljer 
bulb with the left hand. My practice is to start the tracing on the left 
side by dotting nut the upper outer limit of the fiorta, then continuing 
downwards and marking the other curves of the heart until the entire 
left side is outlined. To expose the h)wcst part of the apex, the 
patient is asked to hold his hreatli at the end of deep inspiration. The 
upper right border of the aorta, then the remainder of the right border 
of the heart, are mapped out down to the diaphra^. Finally, the line 
of the diaphragm i-s mapped out un eat-h side. The cardiac contour is 
best dotted out during tlie time of systolic contraction. There is no dan* 
ger of X-ray burns sini-e the amount of current used is small (about 10 
amperes). The entire orthoiliascopic tracing generally requires about two 
minutes. During the examination and for a minute or two thereafter, 
the observer i-an carefully study the heart action, and thus not only gain 
important data regarding the various tjT>es of contractility, especially 
of the left ventricle and aorta, but al.so fiuoroscopicaliy study shadows, 
the interpretation of which may be uncertain in a roentgenogram. 

The details of the marking mechanism are shown in Fig. 203 (Plate 
mil). 

Ortiiodiascopic Tracing of the Nonnal Heart. — The contour of 
the normal heart and aortii is an irregular oblique ovoid ; its larger 
end is directed downwards and tt) the left (Fig. 204). The outUne is 
made up of several curves formed by different portions of the heart, 
On the right side above, we find the ascending aorta, which forms a 
curve with a slight outward convexity {A 1, Fig. 2(M). Above it, the 
great vessels are sometimes seen as imlefinite shadows. Very rarely, 
the superior vena cava in visible as an attenuatetl shadow stretching 
across the aorta. Below the ascending aorta b the curve formed by the 
right auricle [R.A, Fig. 204). It is usually a well-defined arc and forms 
an acute angle %vith the arch of the diaphragm. In cases of extreme 
right ventricular enlargement, or in pericarditis with effusion, this 
angle may be obliterated. The left-sided siUiouettd is composed of 
four more or less <li5tinct cun'es. From above downwards, these are 
the aortic arch (A 2. Fig. 2(>4), the pulmonary arterj' (P. A), the left 
auricular appendix and auricle (L.A), and the left ventricle (i.F). 
The arch of the aorta protrudes slightly beyond tlie left sternal border, 
describing a convex arc; if the aorta curves sharply downwards 
and backwards to reach the spine, this arc assumes a knoblike promi- 
nence. The pulsatile excursions are .slight (about .5 centimeter) and 
require careful scrutiny in order to identify them. The average length 
of the arch, visible as a separate shadttw, is from 3 to 5 centimeters. 
The left margin of tlie descending aorta can sometimes be traced down- 
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wards for several centimeters as a lighter shadow; in exceptional in- 
stances, it is dimly seen as a pulsating ahaduw behind the body of the 
left ventricle. Beneath the aortal arch and distinguished from it as 
a much smaller and less convex silhouette is the pulmonary artery ; 
its average visible length is from 2 to 3 centimeters. The contour of 
the pulmonary artery is distinguished from that of the underlying left 



Fw. 204. -orthodiwoopjc trac-iiui of the lini'te*!, and the apex of the heart 



tracings have been made. For this purpose, oblique and other diameters 
of the cardiac uvnitl (Fig. 204) have been devised and measurctl ; from 
these, attempts have been made tn establish normal cardiac areas. The 
diameter represeiitirit; the greatest width of the heart {B I + B 2. Fig. 
2(H) deyjencls for its accuracy upwn the left auricular curve; this is a 
variable quantity even in normal individuals ami hence unreliable 
as a standard for measurement. Some observers have, therefore, 
chosen the largest olilique diameter {L.O, Fig. 204) and the distance 
of the cardiac borders from ttie median line (M.R, M.L) as being 
more exsct. These axes have been studied principally by Groeilel, 
Dietlin, and Veith in individuals of both sexes, of various ages, weights, 
and .size, with varying types of thorax, and following different \'oca- 




auricle by the difference in pul- 
sation time. The left auricular 
curve is obtusely oblique and va- 
riable in size; it consists mainly 
of the left auricular appendix, but 
sometimes also includes part of 
the left auricle. The left ventric- 
ular curve constitutes the greater 
portion of the left ventricle, and 
forms its ovoid end. The extent 
to which the left ventricle is visi- 
ble depends upon the shape of the 
heart and the mobility of the 
diaphragm. In stout individuals 
with thick abdominal walls, dia- 
phragmatic excursion is usually 



A \ " ascendiiiK aorta ; 

R.A - right auriple ; 

A2 ■• MrtAl iirfh ; 

f,A — pulniQTiar)' artery ; 

L.A = left atirifular at>l>eudisj 

L.V — left veinriclL»; 

MM • Krea,tMt dintance from fnediaa 

line tf) tki? riRht; 
M.£i " ^tttCBt (JiHtnnet> from niecUaa 

Hac ti> till? Jcft ; 
Xr.O » loiiKCtft ubliijue diuiuutcr of the 

dtrdinc ovDid ; 
B \4-B2~ gretttect width of tbe onbodio- 

ecopic traciog. 



may not be visible; in thin indi- 
viduals with good diaphragmatic 
mobility the entire left ventricu- 
lar surface including the apex is 
plainly seen at the end of inspira- 
tion. 



Oitliodiascopic Standards. — 

In order atTuratcl>" to determine 
the standard size of the heart, 
numerous statistical studies and 
measurements of orthodiascopic 
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tions. Groetlel has found the following figures in the vertical ortlio- 
diagrams : 





M.R 


M.L 


L.0 


In the adult male 

Young (emalos 


4.6 cm. 
4.1 cm. 
3.9 cm. 

3.7 cm. 


8.4 em. 

7.5 cm. 

8.0 cm. 
7.2 cm. 


14 cm. 
12.7 em, 
12.9 cm. 
12.1 cm. 



In these measurements, a certain correlation has been found between 
the cardiac area, and size and weight of the individual. However, 
there are important considerations which tend to lessen the value of 
measurementti as standards. Size, weight, type of thorax, and occupa- 
tion are factors which have already been mentioned. In these atone 
there is a wide range of maximal and minimal me&fiurements which 



Fio. 205. — OrthodiBscopic tracing of loog 
and slender heart. 




\ 




Fi<i. 200. — Copy of an ortbodiascopic 
trseing of m broad bwHirt. 



may amount to more than 3 cm. Another factor capable of pro<lucing 
wide variations from the standard and still be within the normal h that of 
different tj-pea of cardiac contour which do not correspond witli the mus> 
cular make-up of the individual. The extremes are those with long, 
slender, gracefid hearts scarcely r&sting upon the diaphragm, and those 
whose hearts are hroa<i, Ij ing flat along almost their entire lengths. 
For example : in a youth of 19, tall and slender (Fig. 205} M.R^Z cm. ; 
M.L=i} cm.; the other is the orthodiagram of a robust male of 35 
(Fig. 200). Both are healthy and have normal hearts. Marked dif- 



CJJNia\L CARDIOLOGY 



(^>«\v«Mtv* iu »U (Utunetersi are immediately apparent by reference to the 
\)m^i^iu!«. An adileil I'onsideration, alreaidy alluded to, tending to 
KvtM'U \\w> value of measurements as comparative standards, is the dif- 
f\wiwv ^>^HUlmi by movements of the diaphragm. When excursion 
\4 \\w> latter ut limited, less of the heart is uncovered, its ovoid contour 
HpiH^ant tiuttened, and the transverse measurement is correspondingly 
(MilarKetl. With a mobile diaphragm the reverse is usually true. From 
all tho8o factit it is apparently impossible to establish a normal mathe- 
iiiatitiil orthodiascopic standard of measurement. This statement, 



\ 




Fio. 207. 



Fio. 208. 



Fioa. 207, 208. — Orthodiaaoopic tracioRs of abnormally slender hearts resting slightly on 
the diaphragm (the 'drop' heart). 

however, does not preclude such general conclusions as that ' normal ' 
hearts may be unusually large or small, or that pathologically enlarged 
hearts often overstep the somewhat ill-defined normal limits. There is 
naturally no doubt of the value of orthodiascopy in the determina- 
tion of marked variations in the size of the heart. 

The Nairow and the Broad Heart. — Returning to a discussion of 
the two types of cardiac silhouette (Figs. 205, 206) — the abnormally 
narrow and the abnormally broad — there is not only a difference in 
size but also a marked difference in form. The left ventricle of the broad 
heart is flat, lies close to the diaphragm, and forms a flattened ovoid. 
The other type is ellipsoid, and rests lightly upon the diaphragm ; Figs. 
207 and 208 are additional examples. One is that of a man of 25 suffer^ 
ing from bronchial asthma (Fig. 207) ; the other that of a woman of 
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Fig. 209. — Orthodinseopic treeing of a. 
woinao of 30 with a coiiipengatod mitral 
reirurKitant loaioa sboiniig QDrmai c&idiao 
contour and nite. 



26 suffering from n)arke<i vasomotor symptoms (Fig. 208). Tbistj'pe, 
sometimes called the " drop heart," has assumed considerable clinical 
importance, for it hss been found 
in patients with \iscerc>ptosis, is 
regarded as one of the characteriss- 
tics of " habitus asthenicus," and 
is apparently the type of cardiac 
hN^wplasia tlescribetl in status 
thjTnoljinphaticu.s. The symp- 
toms I have found in these intli- 
viduals are those connected with 
vasomotor instability — flushes, 
pale and cold extremities, dizzi- 
ness, etc. These are often errone- 
ously interpreted as due to a 
* weak heart ' (Chapter XX). 

Orthodiascopy in Mitral Dis- 
ease, — Orthodiascopy has been 
usetl as a tnethtHl of establi-shing 
the diagnosis of valvular lesions 
upon the assumption that these 
produce tj-pical changes in cardiac 
contour. With reference to mitral disease, it is probably true tliat many 
advanct^d decompensated patients conform in a general way to an or- 
thodiascopic tj'pe, but those with quiescent and ctmiiiensated lesions 

may possess hearts of normal size 
and contour. Two illustrations are 
given in Figs. 209 and 210. The 
former was taken frora a woman 
of 30 with a mitral regurgitant 
lesion of ten years' duration ; the 
latter, from a girl of 17 with a 
double mitral lesion of four years' 
duration. In both, there were tjp- 
ical physical signs of the respective 
vahiilar lesions; both were com- 
pensated, the patient with the 
double mitral was still suffering 
from rheumatic manifestations at 
tlie time the orthotiiagram was 
taken. Decompensated double 
mitral lesions with auricular fibril- 
lation are those which usually ctjn- 
form to a general tirthodiascopic 
type. The aorta may retain its normal outline or be somewhat thlated, 
even in the absence of physical signs of an aortic lesion. The remainder 




Flo. 210, OTthodiaRram nf a frirl of 17 
with a compensated double niilrnl IpsioQ. 
The trucing i» normal in sisse and tontour. 
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FlO. 217. — Ejrtrcsinc rounded rittht-^idiKl ea- 
Innn-mcnl. The loft roniour i» enlnrged 
dowDwurd. Froni a CAse of double uiitral 
Iceion, Ruricular fibrillation, and cardmc ftul- 

uro. 



of the cardiac contour forms one large fascd outline - the globular heart 
(' Kugelherz '). foiiHiyting of the dilated pulmonary artery, left auricular 
and ventricular cur\'es on the one side, and a ballooning out of the right 
auricular curve on the other. 
Figiu^s 211, 212, 213 are ex- 
amples showing varjiiig degrees 
of size and rotundity of outline 
from three cases of decompen- 
sated double mitral lesions with 
aurictilar fibrillation. All tlie 
patients were adults. In one 
(Fig. 211), the aortic curve is 
normal; in the others, it is 
dilated. Another interesting 
example of the globular heart 
(Fig. 214) is the orthodiagram 
of a boy of 11 with a tlecom- 
pensated double mitral lesion 
and aiu"icular fibrilbtion. Oc- 
casionally, the orthodiascopic 
tracings of patients with these 
lesions show neither extreme 
enlargements nor a definite 
rounded ovitline, thus: Figure 215 is the tracing of a man of 50 who 
only recently developed auricular fibrillation ; Fig. 210 is from a woman 
of 4() who has had the valvular lesion and arrhythmia for many years. 
Other \'ariations from the typical globular form are sometimes 

found in chronic cases of double mitral 
(lisease with fibrillation in wiiich there 
is disproportionate right- and left-sided 
enlargement. For example, tlie trac- 
ing in Fig. 217 is from a patient of 35 
witli an old double mitral lesion, fre- 
quently ilecompensated. and with au- 
ricular fibrillation. There is a sharply 
rounded right-sided eiJargemcnt, the 
left side is enlarged downwards and 
outwards; the resultant silhouette is 
an irregular ovoid. 

Of great interest from the ortlictdia- 
scopic standpoint are those patients 
with chronic double mitral lesions 
without auricular fibrillation in whom 
there has never been any severe break of compensation. The trat^ 
ings are sometimes normal in configuration and sixe, as in a case 
already descrilied (Fig. 210), or ihe enlargement is too slight to be of 




Fjo. 21S. — Copy of orthodiiiscTipii" 
Imrini; ot n womun nf 55 with a 
dt*ulile mitral Ipsioa of M I your?'" il iini- 
lion. There is oaiy very flight Icft- 
Md«d enJargemeot. 
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diagnostic significance. Thus, a woman of 45 has had a double mitral 
lesion over twenty years. Recently she developed occasional extra- 
systoles accompanied by a sub- 
jective feeling of " weakness " in 
the chest. Otherwise, she has 
never had any cardiac complaint. 
The orthodiascopic tracing (Fig. 
218) shows only very slight left- 
sided enlargement. 

Regarding the orthodiagrams 
in patients with mitral regur^tant 
lesions, there may be no abnormal 
change of cardiac outline, particu- 
larly when the lesions are recent 
and quiescent, or are fully com- 
pensated. One example has been 
mentioned above (Fig. 209). 
Another instance is the tracing of 
a tall, well-built lad of 18 (Fig. 
the acute manifestations of mild 




Fio. 210. — Normal orthodiascopic tracing of 
a tall boy of IX suffering from a recent 
mitral regurgitant lesion. 

219), who recently recovered from 
rheumatic mitral regurgitation. 

In chronic mitral regurgitation with decompensation, the orthodiar 
scopic tracing is usually ovoid or somewhat circular in shape. The 
longest axis lies diagonally, the 
larger end corresponding to the left 
ventricle. The elements constitut- 
ing the abnormal form are moder- 
ate enlargement of the left auricu- 
lar, ventricular, and the right 
auricular curves. An instance of 
this is seen in Fig. 220, a female 
t^ed 35 with a rheumatic mitral 
regurgitant lesion; the orthodia- 
gram shows an ovoid heart with 
moderate dilatation of the left 
border. If decompensation is ex- 
treme, the entire contour becomes 
circular. 

Orthodiaseopy in Bhetiinatie 
Aortic DiseMe. — With reference 
to rheiunatic lesions of the aorta, 
one of the chief fluoroscopic char- 
acteristics is the degree of the aortic 
excursion, the aortic fling. This is 
observed in patients with double aortic lesions whether compensated 
or not. As a rule, the aorta itself is not permanently enlarged, although 




Fio. 220. — Orthodiagram of a woman of 
35 with a mitral regurgitant lesion show- 
ing a somewhat ovoid contour with 
moderate dilatation to the left. 
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Fic. 221. — TypirnI orthodiagram of 
old rhcutiiAtii- double aortic lemon. 
Fftim A woman of 45 sho win|5 dx- 
tremo Ifh venlricular eahiTKemeat 
&Dd dilatution of the first part end 
arch of ihe aona. 



tWs impression is gaiiie<l from the occasionnl %-iok'nt sj'stolic expansion. 
There appears to be some relivtion btitweeti the clinical severity of the 
disease as ganged by the dyspnoea and cardiac reserve power, and the 
degree of aortic fling. In cases severely 
ill, the entire aorta, the ascending, arch, 
an<l descending jKjrtions pulsate so 
violently as to resemble an aiieitristn ; 
those less ill usually show excursion 
limited to indi\'idual sections of this 
vessel. Another fluoroscopic character- 
istic of aortic lesions is the sharp, vigor- 
ous left ventricular contraction, with a 
distinct lifting motion of the apical 
regifin. \Mien left ventricular hyper- 
trophy is extreme, the contraction of the 
apical region is so marked as to appear 
separate from the remainder of the left 
ventricle. In general, it may be stated 
that the ventricular excursion during 
systole is greater in aortic valvular lesions than in the other tj^es of 
cardiac disease ; this is sometimes of diagnostic significance in suspected 
aortic disease with indistinct and atypical clinical signs. 

The change in cardiac contom- found in aortic valvular lesions b 

more constant than in mitral dis- 
ease. The apical region is enlarged 
and obtuse, and the apex itself is 
often found near the a.\illary line. 
The body of the left ventricle b 
egg-shaped. Tlie right auricular 
curve is moderately increased in 
convexity, the entire auriculo-ven- 
tricular outline presents an almtjr- 
mally broadened > flat, somewhat 
egg-shaped oval, with the wide end 
at the apex. In conjunction with 
the cunes formed by the aorta 
and pulmonary artery, the entire 
cardiac outline roughly resembles 
the " duck-shaped heart " de- 
scribed by Groedel. 

Several typical illustrations of 
double aortal lesions follow : 
Figure 231 is the orthfxliagram 
of a woman of B'l with an old rheumatic histor\'. There was dilatation 
of the first part and arch of the aorta. The entire left ventricle wa,s 
greatly hypertrophied, its outlines enlarged, the pulmonary' cur\'e flat- 




Fio. 222. — OrtbodJ«8nun of a patient with 
ttorUL- reffurKitatiori, From a boy of 19. 
ahowiag left venrririilar tiypcrtrophy and 
modanlS enJiirKcmcMit of iho aortic arch. 
"Th^ |ldlniaiuu>' >od left atuiculu' curve* 
■re KmaLI. 
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ten€d, the left auricular curve very small. Fluoroscopically, there was 
very marked aortal fling of the entire i-isible aorta. 

Figure 222 is the tracing of a boy of 19 with a rheumatic aortic lesion 
of twelve years' duration. There was marked left ventricular hj'per- 
trophy, the pulmonary and left auricular curves were small, there was 
moderate dilatation of tlie aortic arch ; fairly marked aortal fling was 
present. \Vhether the right-sideil eiilarftemeiit was due to the right 
auricle itself, or whether an enlarged left \'entricle pushed the right 
auricle ahnonnally ti> the right, was not clear. 

While the entire foregoing description apphes especially to double 
aortic lesions, with some differences it also applies to aortic stenosis 
alone. In the latter the size and shape are similar to the former, but 
enlargement of the various curves is not so extreme, and the aortic 
fling is not titi market 1. 

Orthodiascopy in Combined Aortic and Mitral Disease. — In com- 
bined aortic and mitral lesions, the orthtKliascopic tracing usually 



FiuB. 22.1, 224. — OrthcxliafiTaais of two e»6ba of double tnitraJ and aortJc leaiaiui. The 
outlia6a Are characteriatio tif the latlw ia Pig, 224, Fig. 223 in not <-harBct«rutii! of 
aither leaion. 

follows the type of the one clinically predominant. Thus, Figs. 223 
and 224 are taken from two cases of mitral regurgitation and double 
aortic lesion. The first is that of a girl of 12 in whom endwarditis 
develope<l at the age of ."i ; the second, that of a girl of 19, the duration 
of whose endocarditis is not know^n. The first is not characteristic of 
either lesion ; the second shows the characteristics of aortic lesions 
from w*hich this patient chiefly suffered. 



Aortitis with secondary involvement i\t the aortic cusps belongs !n 
a different category from the rheumatic valvular lesions. Although 




Orthodiascopy in Aortttis 
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calclficatinn and thickening of the aorta do not necessarily imply en- 
Urgement and dilatation, the latter is the rule ia aortitis. This lesion 
may be confined to the first part 
(the ascending aorta), to the 
arch, or to the dest-endiiig tho- 
racic aorta ; or may involve the 
entire thoracic and even part of 
the abdominal aorta. Hence, 
it is important to distinguish 
aoeurismal dilatations iind en- 
largements of various parts of 
this vessel. 

Moderate dilatation and en- 
largement of the first or ascend- 
ing part of the aorta are char- 
acterized by an abnormally 
broad shadow which originates 
below the normal level. The 
left border of the arch is found 
beyond its usual limits and, ia 
addition, may be sharply curved, 
comes abnormally broad. This 




Fio. 225, — Dilatation of the aortal arch ; Ipft 
ventrifulnr hyper irojjhy. From n ninlc juiticitt 
of 45 with C'tironic ucphritis and uioderate hy- 
pert«Dsipn. 



The entire aortal shadow thus be- 
type of enlargement acctimpanies 
aortitis from any cause — senile arteriosclerosis, chronic nephritis with 

hypertension, luetic aortitis; it is rarely 
found in rheumatic aortic valvular dis« 
ease. 

As with standartl of measurements for 
the cardiac orthotliagram, similarly there 
are several objections to a standard meas- 
urement for the normal aorta. Some of 
these are the indefinite point of origin of 
the aorta, the difficulty at times of delim-* 
iting its borders, the high or low posi- 
tioDof the arch, the size and shape of the 
heart of each individual. Ia aortic dila- 
tation of moderate degree, the diagnosis 
may therefore depend upon abnormal 
contour rather than upon ahnornial size 
of the vessel. In mtxlcrate dilatation of 
the ascending aorta there is a .slight out- 
ward ballooning nf the right aorta! out- 
line; in that of the arch, the rune is 
broadened; in that nf the descending 
part of the arch, there is distinct widening of the entire aorta. Finally, 
there are dilatations confined to the descending tlioracic aorta; the 
latter then assumes a spindle-like or diffuse enlargement, which lies 




Fio. 22(V. — Aoriitia with cnlario?- 
nient ul tho Arst (lonion aad urrh 
of tho aurttt, nnd |pfl vpnirieuLir 
dilntJition, Frum i» twCienI uf f^S 
with ByruptaniHor Kencral an^riiil 
ack^rosU appc^rtng oni.' ycnr aftvr 
tt very «ov«ro grippe infection . 
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mainly behind the ventridea. The various types of aortic enlargement 
are suoietimes best seen and recognized by turning the patient in differ- 
ent directions in order to obtain lateral and diagonal views of the aorta. 

This is of particular value in differ- 
entiating aortal shadows from other 
structures ; fur example, from tu- 
mors, which in a sagittal direction 
simulate the aorta in area and po- 
sition. 

Orthodiagrams of various types 
and degrees of aortitis with ac- 
companying canliac h^'pert^ophy 
and of aneurismal dilatations are 
shown in Figs. 22'y~2'^2, Fig. 
233 (Plate XIX), Fig, 234 (Plate 
XX), Fig. 235, with a brief sum- 
Fio. 227. — DLlaiation of the aortaJ ATth ftnd marv of their etiology and clinical 

left venlrii'iilxir Ii.V|jfrtrr>jjh.v. From a diaSUOsis, 
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Aortic stenosis is one of the more frequent congem'tal malformations. 
It usually occurs about 2J cm. above the implantation of the aortal 
cusps and constricts the \ essel to a varying degree. It may be the 
only congenital cardiac anomaly. As 
in other congenital defects of the 
heart, the patients during childhood 
or adolescence often develop endo- 
carditis of the aortic or other valves, 
conditions which partially or entirely 
mask tlie stenosis. 

• The following are brief reports of 
cases with orthoiliagrams of the fore- 
going congenital defect : 

A male, age 21 years, had had a 
very severe attack of scarlet fe^cr 
when 10 years old ; it was follow etl l>y 
endocarditis affecting the mitral and 
aortal valves. The patient was then 
abed fur several months. Except for 
occasional attacks of hematuria, he 
felt quite well until his twenty-first 
year. At that time he complained of lassitude for several weeks, 
during which there were no rheumatic manifestations or fever. Vpon 
examination, the heart was found enlarged to the left; there was 
an area of dullness over the second and third right interspaces where a 




Ftu. 22R. — Aortitia rtf the first {XirtiAD 
and arch of the aortJi, aufl cxI reme left 
ventricular hy pertmphy, F'rniii a man 
of StI with eanlicjacleroMi.i and dtwom- 
{Ken^atioD. The first clitiirul symp- 
tofiis OiPcurmJ sit motiihn after u very 
severe streptococcus pnomnuqiu. 
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Fia. 233. ~~ Pliotogr&pti Irum X-ray plate, iibowiiie awurUaiul dilAtiuN ur tlii- tieiicvmJiag 
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loud systolic and a fainter diastolic murmur were heard. There was 
also the auscultator>' evidence of a double mitral lesion. The Wasser- 
mann blood reaction was negative. Fluoroscopic examination showed 
aneurism of the first portion of the aorta (Fig. 235). The diagnosis of 
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Fio. 229. — Luetic aortitis affecting the 
arch. Left ventricular hypertropto^. 
From a patient of 60 with a luetic his- 
tory and a positive Waasennann blood 
reaction. 



Fio. 230. — Enlargement and low implantation 
of the first portion of the aorta; moderate 
enlargement of the left ventricle. From a 
male patient of 58 with chronic nephritis and 
myocarditis. 



congenital aortic stenosis was made. Some weeks later, the patient 
developed acute gastric symptoms with fever. A tentative diagnosis 
of streptococcus viridans infection was made ; this was confirmed two 
days later by positive blood culture. Despite immediate treatment 
with autogenous vaccines and sen- 
sitized horse sertmi, the patient 
died within a few months. At 
necropsy, the mitral and a&rtic 
cusps were foimd encrusted with 
granulomatous masses, some of 
which were imbedded in the 
sinuses of Valsalva. There was 
moderate congenital constriction 
of the acHla 3 cm. above the 
cusps. There were no other con- 
genital maformations. It is of 
great interest to note that though 
serum therapy was begun within 
a very few days after the onset of 
the acute sjmptoms and was systematically continued, there was abso- 
lutely no evidence at necropsy that the progress of the disease had in 
any wise been checked. 

A woman, aged 51, had scarlet fever when 6 and "heart disease" 




Fio. 2S1 . — Luetic aortitis affecting the arch ; 
left ventricular hypertrophy. 
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xs lu'n 7 >Tiirs oki FVom tluit tune undl the pnaent, she has had fre- 
quent attacks k^S decompensation. From her account, she I4^)ears to 
hax-v had attacks of paiux^'smal tacfa\-cardia ; otho-wise, the pulse 

had been regular until quite re- 
cently. She then devdoped rapid 
and iiT^:ular heart action, orthop- 
noea and anasarca. Hie electro- 
cardiogram revealed auricular 
tiKrillation : th«e was definite 
auseuItator>* evidence of a double 
mitral lesion. At the first exami- 
iMtion. the sounds at the right base 
apiH^iml normal. With the res- 
Utratiou of ixtmpensation and de- 
i>n««s*» of the ventricular rate, a soft 
sYsToHc aital a faimer diastolic 
nuiruuir \ver»' hoanl over the right 
Imsc: there were no additional 
sijTiw of an aortic K^sion. Fluoro- 
siHtpir examination showeil a large 
pulsatile enlargement of tlie first 
port inn of the aorta (Kig. '2'^7). Vrom the history and fluoroscopic find- 
ings, it seems most prt>lMihle that the aortic enlargement was due to 
congenital aortic stenosis. 



\ 
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Patent Ductijs Arteriosus or Ductus Botalu 

This congenital defect is not rare. Cardiac symptoms are not 
always present ; when they are, the usual history is that the patients 




Fio. 235. — Aneurismal dilatation of the Fio. 236. — Aneurism of the first portion of 
arch and deacending thoracic aorta. the aorta due to congenital aortic stenosis. 

were bom cyanotic. The cyanosis is increased by crj'ing, by exposure 
to cold, and, in older children, by exertion and exercise. Upon per- 
"^ussion, a slight extension of cardiac dullness in the second left inter- 
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Tio. 237. — OrthodinBram of a i>aUetit pith 
A double mural lesion nnd aortie aoeuriiim. 
the latter probably due to oongeaitAl twrtie 



Space (Gerhardt's area of dullness) can sonietimes be mapped nut. A 
rough systolic thrill is felt, and a loud, rough syatoiic murmur is heard, 
most intensely over tliis area. The murmur is usually transmitted 
over the entire precnrdium and 
into the carotids. In addition, 
there is soinetitnes a loud diastolic 
murmur most prominent in the 
left upper interspaces near the 
sternum ; the double murmur 
thus produced is called a 
" machinery murmur." The 
presence and intensity of the dia- 
stolic murmur apparently depend 
upon the amount of blood which 
regurgitates through the patent 
duct, and, in its mechanism, re- 
sembles aortic iniiufficiency; in- 
deed, capillary pulsation has been 
described as an occasional ao- 
companiment of this lesion. The 
orthodiascopic picture in typical 
cases of patent ductus arteriosus 
is that of a vigorously pulsating 
aortic arch increased in size, beneath which is found an cnlargetl, flat- 
tened, or protuberant overacting pulmonary artery. The duct itself is 
rarely visible because of its small size and frequent involvement in 

pericar<lial adhesions. The latter was 
found in two autopsy specimens I have 
seen. 

The following is an illustrative his- 
tor\'. with clinical and ortbo<lia3copic find- 
ings, nf a patient with patent ductus 
Botalli. Male, age 16. tall and spare, 
was born a " blue baby," He had 
scarlet fever when se\'en years old. He 
had ne%er been able to play actively or 
to run. He frcriuently complains of 
palpitation ; he has a productive cough 
and has had hemoptyses. His face and 
extremities are cyanotic, his lips almost 
black, his Bngers markedly clubbed. 
There are ^"igorous carotid and Jugular 
pulsations and a strong visible ventricu- 
lar impulse ; the apex is most prominent in the fifth interspace. A strong 
systolic pulsation is seen in the second and third left interspaces just out- 
aide the sternal border. There is a marked palpable carotid thrill felt 




Fio. 2.18. — Orthoiiio^racu o( a lx>y 
of 16 with patent ductiiii art«n- 
oaiiA. The purve of the puimo- 
naiy utery (jP.^I.) ta extremely 
enlMSed and flattened. 
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almost up to the angle of the jaw. There is also a rough tlirill most 
promiacnt in the second, third, and fourth left interspaces, less marked 
in the second and third right interspaces. A definite "Gerhardt's area 
of dullness " can be mapped out by percussion. Upon auscultation, a 
loufl systolic murmur is heard over the entire precordium, and over 
the chest posteriorly. The murmur Is especially loud and rasping over 
tlie sec-ond and third left interspaces and over the manubrium sterni. 
The fluoroscope reveals a vigorously overacting aorta and pulmonary 
artery ; the latter is extremely enlargetl and flattened (Fig. 238). The 
electrocardiogram shows a negative /i deviation in the first and second 
leads, an evidence of right ventricular preponderance. 

Patent lNTER\'ENTRictiLAB Septum 

This congenital anomaly is extremely uncommon and very rarely 
exists as an isolated defect. Cyanosis is the most prominent clinical 
sign ; its degree depends upon the size of the interventricular aperture, 
and upon the presence of other congenital defects — usually pulmonary 
atresia. The extremities are clubbed, there is a marked coarse systolic 
thrill to be felt, an<l a corresponding rough murmur to be heard, over 
the entire preconlium ; the maximum intensity of the murmur and thrill 
is over the xiphoid and epigastrium. There is also vigorous epigastric 
pulsation. In the orthwliagram the left auricle and ventricle are 
hugely dilated and rounded, the heart is also enlarged to the right; 
because uf atresia of the pulmonary artery its pulsation may be slight 
or absent. 

A unique instance of patent inter^^entricular septum in a child with 
congenital dextrocardia came under my observation. The history 
follows : 

A male, age years, was the youngest of nine children; he had 
measles and jjertussls when two years old. The mother said the child 
bad always been " blue " and *' short of breath," but never sufficiently 
dysptiteie to be bedridden. The child appears well nourishe*!. The 
extrcinfties, lips, face, and conjunctivae are fya!iose<i ; the conjunctival 
bhuxi vessels are congested; there is distention of the superficial veins 
of the chest and abdomen. The fingers and toes are clubbed. There 
is a vigorous, hea\ ing systtilic impulse in the right axillary line and 
in the epigastrium, A strong, marked systolic thrill can be felt over 
the entire preconiium ; it is roughest and most prominent at the 
lower end of the sternum and in the epigastrium. Over the former 
there is a loud, rough systolic murmur becoming fainter over the 
remainder of the chest, anteriorly and posteriorly. It is also trans- 
mitted along the carotids. There is no Gerhardt's area of dullness 
in the setomi and thinl right interspaces. The liver ant! spleen are 
nut transposed ; the gastro-intestiiml canal, as shown by bismuth 
roentgenograms, is in its normal position. Fluoroscopy of the chest 
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reveals an enlarged and vigorously pulsating aorta. Beneath it, the 
usual pulsating curve, representing tlie pulmonary arterj-, is absent. 
In its stead, there is a tremendously di- 
lated, prominent, and knob-like ' left * ' 
auricle. The ' left ' ventricular shadow is 
also ver>' much enlarged ; its area cannot 
be definitely separateti from the superim- 
posed auricle, although their non-syn- 
chronous pulsations can be readily deter- 
niine<l. The ' right ' auricle is etdarged ; 
beneath it, the beginnin^^ of the ' right 
ventricular ' shadow is seen deeply depress- 
ing the diaphragm during inspiration. 
From this finding, it is probable that the 
' right ' ventricle is enlarged. Tlie orthiJ- 
diagram (Fig. 2;{D) showetl a greatly di- 
latefl aorta, rounded and prominent, and 
coalescence of the ' left ' auricular and 
ventricular curves. The ' right auricular * 
curve is also considerably enlargeil. The 
electrocardiogram shows the typical down- 
ward deviation of the P, H, and T waves 
in the first lead, pathognomonic of con- 
genital dextrocardia. A diagrammatic representation of the probable 
circulation in this case is also shown in Fig. 240. 




Fio. 239. — Orthodj«gnun of a 
rhild with cunKonitAl dextro- 
cardia and p»t«nt interventric- 
ular scptuni. It shows an ea- 
largcd and broadened iiortal 
curve and enlarged 'titsht'^ 
aurirtilnr curve. rOAtesccDce of 
enlarged and knob-liko l^fl au- 
ricular nnd %-otitrLeular eurvc«, 
imd absence of pulmonary proiui- 
nenoe. 




i'lo, 240. — Diugiiim of prohnhle 
di»ccirculatioBin the paiioot DL. 
8oIirI arrows • main cirotilutiun. 
Dotted arrows • luiiior circul»tioii. 

R.A — nsfht auricle ; 

H.V " riiiht vpntrido ; 

L,A = Mt .■lurirfe; 

L.V — left ventricle; 

PJi.A " pntem dtictu!: nrterionia ; 

/*.C — pulnionary rirdUatian ; 

«s stehoKHi t^ulniDiiAry artery. 



Patent Foramen Ovale 

When present as an isolated anom- 
aly, and of only moderate size, this 
intcrauricular septal defect rarely pro- 
duces clinical signs or diagnostic symp- 
toms. As proven at necropsy, patients 
with even large defects have presented 
during life no signs, clinical or otlier- 
wise, upon which a correct diagnosis 
might have been based, Cyanosb b 
rarely present ; occasio^alI^^ systolic or 
diastolic murmurs are heard over the 
third left interspace. Orthodiascopic 
tracings present nothing characteristic. 



' To avoid confusion in the description 
of thiB ease of oongcnitJil dextnK-ardia, 
'left* and * right' are used in the sense u 
usually applied to the normal heart in its normal position ; that i». ' left ' i^ill re- 
fer to the larger, and ' right ' to the smaUer veDtricIe with its eoirespouding^ 
auricle. 
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Of congenital lesions in general, it may be broadly stated tbat patients 
with a single congenital defect are those who are most apt to survive 
and reach adult life. If more than one congenital anomaly is present, 
the chances for longevity are correspondingly diminished. 
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CHAPTER X 



PHYSICAL EXAMINATION OF THE HEAET 

Each of the usual metlnxld of cHnical examination — inspection, 
palpation, percussion, aiiH aibicultation — yields valuable information 
in appropriate cases. Ordinarily, most emphasis is placed upon auscul- 
tation and percussion, less upon iaspection and palpation. In my 
opinion the latter,, though frec^uently neglecte<l as rf>utine methods of 
examination, are often of diagnostic and prognostic importanc-e. Least 
valuable and most deceptive of all metliods is information gained by per- 
cuijsion. 

Inspection 

Inspection of the chest and neck frequently reveals important 
data concerning the cardiovascular system. 

Jugular PiUsation. — The manner of filling, and the degree of dis- 
tention, of the jugular veins is best observ^ed by placing the patient in 
the supine position. Even pulsation of the thjToid veins may be visible. 
In patients with long-continued decompensation it is common to find 
the jugular veins tortuous, thickened, engorged, and greatly distended ; 
the situation of the valves is particularly prominent. These evidences 
of chronic venous stasis are especially marked in old mitral stenotic 
lesions with auricular fibrillation, or in old patients with decompensated 
cartiiosclerosis. Tricuspid regurgitation from relative insufficiency or 
valvular disease is sometimes accompanied by engorged or hj'peractive 
pulsatile jugulars, although, as already mentioned, the interposition of 
the right auricle probably prevents such jugular hj^eraction in many 
instances. In eases of auricular extrasystoles, the premature jugular 
pulsation (a* wave) may occasionally be visible. More often, the 
coincidence of auricular and carotid waves (comp<isite a' + c' wave. 
Chapter VII) found in ventricular extrasystoles is recognized in the 
jugulars as abnormally large and pri-mature pulsations. A similar 
jugular wave, not premature in the time of its occurrence, is present in 
complete heart block when auricles and ventricles beat sjTichronously 
(o 4- f wav^es ; Chapter VII, Heart Block). This observation is of use 
in the differentiation, by inspection, betw^een complete and incomplete 
heart block, for in the latter there are no such superimposed waves. In 
K lis 
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ftttriculjtf flutter, the jugular pulsations are usually too faint and ir.di:^ 
tint't to be counteit; however, in one case that I observed the jugular 
veins literally throbbal, and were so engorged that the number of 
pulsatiofLs could be clearly diseertied at a distance of se\'eral feet. In 
auiicolar fibiiUation, in addition to the distention already referred to, 
tlie jugulars beat irregularly in consonance with the arrhjlhmic e-« 
waves. 

The Carotid Pulse. — The inspection of the carotid pulse is of great 
importance. By its vigor, nveraction, and pulsatile distention, it is 
often indicative of aortal disease or of hj'pertension ; if, in addition, 
the carotids vi:jilily and markedly collapse with diastole, they indicate 
an aortic regurgitant lesion. Vigiorously throbbing carotids also ac- 
company rapid and violent heart action from any cause (for example, 
exophthalmic goiter). But visible carotid h>-peraction with a normal 
pulse rate in the middle aged or the old is usually evidence of aortitis 
or of hypertension ; its absence, however, <loes not necessarily exclude 
these conditions. This type of carotid action is also seen, though 
rarely, in young individuals with normal hearts; in them, it often 
corresponds to strong systolic ventricular contractions which can Ije 
very readily observed by fluortiscopic examination, 

Aortic Pulsation. — Allied to carotid overaction in clinical significance 
is aortic pulsation, recognized by the ptdsatile rise of the tissues in 
the jugulum. This indicates more advanced aortal changes than does 
carotid overaction alone. Aortic expansion is most noticeable in a4>rtic 
regurgitation with left ventricular hypertrophy, and in aneurisms and 
aneurismal dilatation of various parts of the aortji, especially <hiring 
the stage of decompensation. . On the chest wall, capillary pulsation 
characteristic of aortic regurgitation may occasionally be seen, A 
band of dilated venules and capillaries over the lower anterior part of 
the chest 3i>raetimes accompanies acjrtic lesions, particidarly aneurisms 
or aneurismal *lilatatious. Ijarge aneurisms that touch, adhere to, or 
erode the chest wall naturally give rise to visible pulsatile expansion; 
their usual site is the second and thinl right interspaces and the inter- 
clavicular notch, more rarely the left iipjier interspaces. Aneurismal 
dilatations of the aorta are rarely adherent and very infrequently cause 
erosion. If they touch or approach the chest wall, pulsatile expansion, 
otherwise not noticeable, ma\' lie seen by placing the eye on a level 
with the chest. By this method, not only dilatations of the first part 
and arch, but even aneurismal dilatation of the descending thoracic 
aorta (Chapter XIV) may be discerned as a <listinct and separate systolic 
heave above and panly In^hiiid the rise of the left ventricle. 

Inspection of the Apical Begion. — Regarding the apical and pre- 
cordial region, important information can be gleaned by inspection 
alone. In thin-chested individuals with decompensate*! mitral stenosis, 
it is often possible to discern an overacting pulraonarv' artery which, 
upon auscultation, produces an accentuated and clicking second sound. 
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Many varieties of abnormal ventricular action are also readily recognized 
by inspection. Thus ventricular activity is vijiible over almost the 
entire precordium in massive left ventricular hj-pertrophy, in the violent 
action of tachycardia, in the ventricular dilatation of the acute stages of 
valvular endocarditis, or in some congenital lesions. An overacting 
ventricular impulse may be confined to a small area at the apex in mitral 
lesions, especially in young individuals. One often finds hea%'ing, broad 
ventricular impulses in old, decompensated mitral lesions. Obviously, 
the thickness of the chest wall, the posture of tlie patient, and the 
illumination are considerations which considerably mask or influence 
these physical data. In thin-chesteil individuals, or in women with the 
left breast well raisetl, it is sometimes possible to distinguish a double 
systolic impact corresixinding to the reduplicated first sound (q.v.) heard on 
auscultation. Some ts'pes of arrhvihmias are also recognized by inspec- 
tion at the apex. The regular, slow x entrtcular activity of heart block, 
the irregular ventricular action of auricular fibrillation, the apparent 
intermission of cartUac activity denoting prematiu-e contraction — all 
these are often distinguishable upon inspection of the apical region. The 
extrasystolic contraction itself is rarely seen becau.^e it is usually too 
weak to cause a visible ventricultir impact. The movement of the 
apical region during the respirator^' phases may likewise be discernible 
in thin or mtxlerately thick-chested individuals who possess a fair amount 
of diaphragmatic excursion. 

InspectioiL of the Bight Lower Interspaces. — Over the right lower 
chest, aside from aneurism and aneurismal dilatations already mentioned, 
very little information can be gleanwl by inspection. Right auricular and 
right ventricular enlargement rarely give rise to visible pulsation. I have 
met with i.solated excepti(»ns, however. One case was that of a boy of 
17 with a double mitral lesion and a somewhat enlarged liver. At the 
time of hospitjd admission he was suffering from an acute rheumatic 
exacerbation of endocarditis. To the right of the sternum, in the 
third and fourth interspaces, there was a visible pulsatile area approxi- 
mately the size of a pigeon's egg. 0\'er this, there was heard a very 
loud harsh murmur, a rough palpable thrill was present ; both were 
systolic in time. Fluoroscopic examination showed that the pulsation 
was ilue to a greatly eidarge<l right auricle. The patient died a few 
weeks later. At necrtipsy. a double mitral lesion, an hjpertrophied right 
ami left ventricle, and a hugely dilated, engorged, and thickened right 
auricle were found. In situ in the chest cavity, the longest measure- 
ment of the auricle was 17 cm., its broadest 8 cm. (Fig. 241). In 
another instance of decompensated double mitral lesion in a woman of 
2i\, intensely dyspnoeic, cy anotic, and with a pulsating liver, there was 
a similar though less prominent \ is(bie auricular pulsation in the third 
and fourth right iiitfrspaccs ; a thrill was also heard over the same area. 

Visible epigastric pulsation in patients with dilatetl and h^pertro- 
phied hearts is fairly common. It is usually attributed to h\-per- 
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trophic enlarf^ement of the right ventricle, but necropsy reports have 
not always substantiated this supposition (Chapter XVJ. 

IdYer pulsation is not infrequent in decompensated mitral les^ions, 
or in relative tricuspid regurgitation. It is less common in aortic lesions. 
The pulsations may be sufficiently gross to be seen at a distance ; at 
other times, close examination, especially with the observer's eye 
placed on a level with the patient's abdomen, is necessary in order to 
discern the pulsating liver. Auricular fibrillation may occasionally be 




Fio. 241, — OviUine of the hevxt in titu (reduced X 1). 
A ~ dilaUd riKbt nuricle ; B ^ midline of the body ; C ' ^nlwged right ventricle. 



diagno.'^ec] by inspection of the liver, if its pulsations are manifestly 
and grossly arrhjlihrnic, 

P.VLPATION 

Palpation in the neck often substantiates the information gainetl 
by inspection, Extrasystoles may be felt in the carotids when 
they are missed at the wrist. Overacting hearts (for example, 
exophthalmic goiter) often protluce palpable systolic carotid thrills; 
these may be flue to whorls a!id eildies from the violence with which 
the blowl is thrown into the arterial circulation. Such short, sharp 
thrills must be di.stinguished from the steadier and longer continued 
accompanying rheumatic aortic stenosis and arteriosclerotic 
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roughening and thickening of the aortic valves anil walls. The t^vpical 
quick filling and collapsing pulse of aortic regurgitation can also be 
reatlily diagnoseti by palpation ah>ne. A point insufficiently emphasized 
is the knowletige regarding arteriosclerosis which may be gained by 
carotid palpation; the condition of the external carotids, whether 
tortuous, thick, banl and non-elastic, or the reverse^, is thus often de- 
termined. Similar information is occasionally derived by palpation of 
the common carotid. 

Palp&tion of the Aorta. — With a normal cardiovascular system 
and an aortal arch situated nitxleratcly high in the chest, the finger 
tip placed in the interclavicular notch and insinuated behind the manu- 
brium recognizes aortal pulsation as a soft quiet impact. In marked 
hypertension a sense of sharp fling is often given to the examining 
finger. In luetic aortitis with aneurismal dilatation, there is a feeling 
of a broad, strong aortic impact, especially when decompensation is 
present ; this is sometimes combined with a palpable thrill. The rough 
thrill accompanying aortic stenosis, and the sharp rise and subsec(uent 
collapse of the aortal walls in aortic regurgitation, can also be diagnosed 
by palpation in the jugulum. 

Palpation over the base of the heurt, on the right side, may be of 
great diagnostic imtMjrtatice. In extreme cases of rheumatic aortic 
stenosis a rtmgh rasping systolic thrill is readily felt in the second and 
third right interspaces. The overacting aorta in aneurism and aneuris- 
mal dilatation of the first part of the aorta, and the sharp aortic disten- 
tion in hj'pertension, are sometimes palpable over the same area. When 
present in the former, this probably denotes an extremely roughened, 
thickened aortjil wall, or extreme dilatation. Bulging of the right 
anterior chest, found in adherent or erosive aneurisms, is obviously 
palpable. Aneurisms or aneurismal dilatation of the descending part 
of the arch, or even of the de^'^nding thoracic aorta, may occasionally 
be felt by placing the fingers snugly agaiast the chest over the base of 
the heart, on the left side, or in tbe third and fourth left interspaces. 
In the latter position, the location of the impact area near the sternum, 
ami the time of its appearance, serve to distinguish it from the impact 
due to ventricular systole (Chapter XIV). 

In congenital pulmonary stenosis and in patent ductus arteriosis, 
thrills, usually systolic in time, are often palpable over the left basal 
region. In congenital patent interventricular septum, there is a 
rough, harsh thrill, systolic in time, palpable over the entire precordium, 
but especially over the lower sternum. In patients with dilated and over- 
acting pulmonary arteries, the sharp click-like closure of the valves 
can occasionally be felt by palpation over their site. This condition, 
combined with a murmur over the same area, is common in the mitral 
valvulitis in children, in whom it is sometimes incorrectly diagnosed as 
a congenital pulmonary lesion. Similar hyperaction is occasionally 
present as a temporary' phenomenon in normal individuals. 
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Palpation in Mi^ Lesions. -- In tj^pical mitral stenosis, with the 
heart Ijeatiiig rhytlimically, there is a short presystolic thrill palpable in 
the apioal region. When the auricles fibrillate and the ventrides beat 
irregularly and tumultuously, an intense and rough thrill, most promi- 
nent at the apex and ocfupyinf; a varying part of the diastole, may be 
felt ; if the irregular ventricular activity be controlled by digitalis, the 
thrill becomes less marked or entirely disappears. A palpable syst(»iic 
thrill over tlie lower precordium not infrequently accompanies rheumatic 
rejnirgitant lesions, and may indee<i be present when the raurraur itself 
is faint or absent. This condition wius found, for example, in n younjf 
girl without any previous rheumatic history; she had had frequent 
attacks of dyspnoea, and edema of the face and extremities. At the 
apex a scarcely perceptible murmur was heard ; it was not transmitted. 
Over the lower prccorrlium there was a very pronounc-ed ])ali)able thrill. 
Systolic precortlial thrills may also be felt when the mitral cusps are 
thickened or covered with lime deposits as the result of a eardiosclerotic, 
non-rheumatic process (Chapter XII), 

Further information regarding the character of ven^cular contrac- 
tion and of the apex beat can l>e gained by apjjlying the flattened palm 
snugly over the lower precordial area. The booming broad ventricular 
shock and diffuse apical impact of hypertrophy may thus be readily 
diagrnxsed, particularly if the heart action is of normal rapidity or 
abnormally slow. Rapid action, even of a normal sized heart, usually 
gives the impression of enlargement, probably because of the rather 
violent impact against the cheat wall. I have often corroborated the 
normal size of such hearts by fluoroscopic examinations. A somewhat 
thrill-like sensation is imparted to the examining hand during systole by 
violent ventricular overaction which usually accompanies tachycardia 
from any caase. Here the thrill raaj' be due to sharp vibratory action 
tit the auriculo-\'cntncuIar valves transmitted through the chest wall 
during violent ventricular systole. If the chest wall is of moderate thick- 
ness, it is sometimes possible to recogni?^ the weakened impulse of an en- 
larged dilateti heart by palpation. A double systolic apical impact, cor- 
responding to the reduplicated first sound {so-called gallop rhythm, g.ii.), 
may also be distinguished by palpation over the apex, especially when 
due to left ventricular liypertroph\', hj'pertension, or to aortic valvular 
lesions. The etiohigy of these retluplications will be discussed in con- 
nection with auscultation. Finally, pulsus paradoxus may be diagnosed 
by palpation, by the gradations of strength of ventricular contractions 
corresponding to the rh>'thmic waning and waxing of the pulse volume 
with inspiration and expiration. This is commonly attributed to peri- 
carditis with effusion, or to intrathoracic tumors. I have observed 
it in occasional cases of myocanlitis with severe decompensation, or 
in the agonal stage of cardiac failure. 
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Percussion 

To the ordinarj' and older methods of finger and pleximeter 
hammer jjercussion have been added the auscultatory, and, more 
recently, the flexwl finfier (Goldscheider's orthopercussion) methods. 

The auscultatory method rnnsists in placing the bcIJ of the stethoscope 
over the center nf the sternum and noting when scratch mark^ or light 
tappings made by the finger nail or finger tips first benime audible. 
Orlliopercussioii coitiists in light perpenflicuhir tapping over a sharply 
flexed fin^^er held perpendicularly to the chest wall and acting as the 
pleximeter. These two methods were advanced as refinements by which 
the exact cardiac border ctmhl l>e more delicately and accurately out- 
line<l. 

Inaccuracy of PeicuBsion Methods. — Careful and continued use 
and obser%'ation of the above, as well as of the usual methods, checked 
by comparison with the unequivocal standards furnished by orthodias- 
copy and fluoroscopy, have conx-inced me that all methods of percussion 
are inaccurate and unreliable even for clinical purposes. Besides 
\'arj'ing among themselves considerably in accuracy, there is no means of 
judging in advance which method will prove sufficiently exact in any 
indivi<lual case. In many instances, I have requested experienced and 
excellent clinicians to map out the cardiac border according to their 
own favorite method of percussion, and I have demoostiated to them by 
fluoroscopy that the results of their e^camination were rarely of sufficient 
exactness even for general bedside purposes. These statements apply 
to percussion for su))erficial dullness as well as for flatness. For example, 
vety raarketl aortic dilatatiom were at times entirely overlooked ; defi- 
nite extension of the cardiac border to the right was not even approxi- 
mately delimited. My own gross errors by tlie various methods of 
percussion have includeil practically all miscalculations : the delimita- 
tion of the size and of tlie upper border of the aorta, tlie right bortler 
of the heart, and tlie upper ventricular bonier. Figures 242 to 246 
demonstrate some of these errors in patients with normal and abnormal 
hearts, in whom mistakes of outline x arying from several centimeters 
to almost grotesque proportions ha\e been committed. From the 
viewpoints of physics and acoustics, there seem to be gomi reasons for 
diagnostic errors in the use of percussion. Unless greatly cnlarge<l and 
near the surface, the aorta, situated as it normally is mainly behind the 
sternum, is scarcely sufficiently thick-wallctl or with its contained blood 
of a sufficient density to cause differential dullness or flatness on per- 
cussion. Similar reasons make difficult the delimitation, by pcrcus- 
sum, of the right cardiac border, consisting of the right auricle below 
and the great vessels above. Percussion of the left ventrinUar area ia 
surrounded by less difficulties, for the ventricular mass is denser and 
iniire uniform ; but its approximate size and contour — whether squatty, 
broad, erect, or gracile, subjects already discussed in connection with 
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Fio. 242. — Normal heart — thin-chested Fio. 243. — Normal heart — thick-cheated 
male. male. 





Fio. 244. — Normal heart — normal-chested male. 




Fio. 245. — Mitral stenosis and regurgita- Fig. 246. — Aneurismal dilatation and 
tion — normal-chested female. left ventricular hypertrophy — thin- 

cheated male. 

Fios. 242-246. — Difference in pereuaaion (dotted lines) and orthodiaacopie (solid lines) 
outlines of normal and abnormal hearts. 



PHYSICAL EXAMINATION OF THE EEASLT 137 



orthodiascopy (Chapter IX) — are considerations which I believe are 
beyond tlie physical limits of percussion. Frequent comparisons be- 
tween percussion and radiographic findings liave also convinced me 
that the left border of the heart may actually be several centimeters 
beyond the percussed outline, and that the lower point of the heart — 
the apex as vieweti Huoroscnpically at the end of inspiration — is usually 
from 2 to 5 cm. below its p*jsitton as locateil by percussion or palpa- 
Uon. This difference between the ' palpable ' atKl ' fluoroscopic ' apex 
13 especially noticeable in tall, lean individuals with flat ehesta, narrow 
elonpate^l liearts, and mobile diaphrapns. 

A. Eation&l Method for the Determination of the Cardiac Outline. — 
In view of the limitatioiLs and of tlie inaccuracy of the percrussion 
methods, I have attempted to apply the more exact knowledge gained 
by roentgenography to bedside study of the cardiac outline. The routine 
I use for this purpose is as follows : First, inspection, and then palpa- 
tion of the precordiura. Then auscidtation to determine the pre.>ience 
and tj^pe of a possible cardiac lesion. Finally the mapping out of the 
cardiac outline. The initial step iu the latter prncf^lure consists in an 
attempt to determine the upper aortal border ; this is accomplished by 
insinuating the tip of the finger in the jugulum. If the arch of the aorta 
is situate*! high in the thorax, it can be thus palpated ; its corresponding 
upper limit is then marked on the chest wall. If the aorta cannot be 
palpated in tJiis manner, it is considered as ' low.' Its approximate 
position may tlien be roughly determined by noting the most prominent 
point at which the aortic sounds are heard over the right base. This 
marks the probable position of the aortic valves ; the upper aortal 
border lies about 2 or 3 cm. above this point. The nest fixe<l point 
to be chartetl on the chest wall is that of the maximal apical impulse. 
In adults this is best determinetl by auscultation; in ehUdren, by 
palpation. As alreatly state<l, the actual position of the apex, as de- 
terminetl by fluoroscopy at the end of inspiration, is commonly 2 to 5 
cm. below the point of maximal apical impulse; it varies with the 
amount of diaphragmatic excursion and the tj'pe of cardiac contour 
(Chapter IX). In most cases, these two variants can be estimated 
with some accuracy, even at the bedside, from the experience and 
know ledge gained by fluort>scopic examinations. Thus, in an individual 
with a normal heart, one variant — the type of cardiac contour — can 
often be roughly foretold by the configuration of the chest and extrem- 
ities, and by tlie type of general physique. If an Individual is thick- 
set, with short and pudgy hands, the heart is apt to be broad and 
flat, and the actual position of the apex will not be much below 
the point of maximal apical impulse. The lower right canliac border 
(the right auricular border) is onlinarily from 3 to 5 cm. to the right 
of the midsternal line. If the individual is tall, spare, and thin-chested, 
with graceful extremities, the cardiac contour is usually long and narrow, 
the actual apex well below the palpable impulse, and the right auricular 
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borcler close to the right sternal margin. Exceptions in thin Jndividuala 
are readily noted by the position of the apex. The second variant — 
dittpliragmatic excursion — is more readily estimated. It depends upon 
lung expaiLsion and upon the amount and thickness of the abdominal 
and, chest walls. In obese patients with thick chest walls, diaphragmatic 
mobility is limiteil ; the reverse is the ease in weU-knit persons with 
good lung expansion. Bearinf;; these simple facts in mind, the true 
position of the apex may be readily and fairly accurately gauged, 1 had 
attempted to outline the remainder of the cardiac contour — the right 
aortal, and the borders of the pulmonary artery - — l>y seeking tlie points 
over the riglit and left luises at which aortic and pulmonary sounds 
are heard most prominently. However, I have not fount! this metliod 
more accurate than merely drawing tlie cardiac outline nf the normal 
heart by using the landmarks already determined — the upper aortal 
bonier, the calculated position of the actual apex, the right bonier, and 
the presumed t\'pe of cardiac contour, as guides for completing the out- 
tine. In this manner, in a series of normal hearts, I ha^ e in the majority 
of instances been able to gauge the cardiac outline with sufficient ac- 
curacy for clinical purposes, and have at any rate avoideil any gross 
miscalculations, as shown by comparisons with the fluoroscopic ex- 
aminations, 

Detoimiiiation of the Cardiac Oatline in Cardiac Disease. — In 

cardiac ilisease, in addition to the above landmarks, further knowledge 
regarding the size of the heart is gained from palpation and ausculta- 
tion; definite inferences may thus be derived regartling the probable 
shape as well as size of the heart. For example, in h.vpertension with 
an enlargetl left ventricle and a booming apex beat, the lowermost part of 
the heart (the ' fluoroscopic apex ') will be found considerably below the 
pt>int of maximal apical impulse, and the cardiac outline will thus lie 
found very much enlarged not only to the left but also downwards. 
In decompensated mitral lesions with diffuse apical impulse, esjieeially 
with auricular fibrillation, the right auricular Iwrder will be considerably 
to the right of the midsternal line, and the ' actual apex ' mainly to the 
left and not much l>elow the usual position of the normal apex. 

It is true that the raetho<l above describeil contains various in- 
accuracies, but I have found that careful balancing of the factors in- 
volved leads to closer and more relialjlc information than dependence 
upon any method of percussion. Perhaps further studies along these 
lines will yield more accivate data. 

AUBCULTATION 

Despite drawbacks and opportunities for error, auscultation b 
the most accurate of the four methods fitr the detection of the type of 
viUvular or mytR-ardial disease. The presence of cardi&c murmurs (by 
which are meant adventitioiis sounds^ not merely n)odification.s of the 
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normal), their time relationship to events in the cardiac cycle, their 
intensity, quality, pitch, timbre, and the (liret*tion of their propa- 
gation over the precordium m well as through the larger arteries, 
the presence of audible thrills and rumbles, all require auscultation 
for their recognition. It is important to remember that iDurmurs 
may change in character with change in tlie patient's position. They 
are usually more intent when the patient is lying down ; this may 
be because in other positions (standing or sitting) the apical impute 
masks the murmur. Rapid heart action commonly intensifies the 
murmur of a mitral stenotic lesion although Its duration is considerably 
diminisUeil. For purposes of careful auscultation, one may attempt to 
slow the caniiac rate by ha\ing the patient breathe deeply and slowly ; 
and to accelerate the heart action, by asking the patient to take a 
few rapid breaths. Another consideration which occasionally modifies 
both normal sounds and murmurs is the amount of pressure used when 
applyiii}; the stetliosrope to the chest wall. 

Valrular Murmurs in Aheumatic Endocarditis. — Organic vaKnilar 
defects do not always produce murmurs. It is sometimes difhcutt 
from auscultation alone to determine which valve is affectetl, or to tiis- 
tinguish valvular from non-valvular affections. Other ilifferential 
criteria will lie discussed later. .\s further complicating factors in 
auscultation, the intensity and the propagation of the murmurs are 
considerably modified by the state of cardiac compensation, the amount 
of dilatation and hv'pertrophy, the rapidity of heart action, and the 
thickness of the chest wall. 

Organic valvular murmors are best groupe*l into those fhic to 
narrowing of the caliber of the vaKnolar orifice (stenotic lesions) and 
those allowing leakage (regurgitant lesions). 

A mitral regurgitant lesion produces a murmur systolic in time; 
the second pidmonic sound is often accentuated. The murmur may be 
soft and blowing in character, occupying onl>- a part of the systole, 
and accompanying, n<it replacing, the first sound. When t\pical and 
well marked, the murmur is rough, low pitched, occupies the entire 
systole, replace-s the first sound, is heard loudest in the apical region, 
and is tran.smittetl laterally to the axillu. More rarely it is heard over 
the entire precordium. It is sometimes heani posteriorly between the 
angle of the left scapula and tlie spinal column, especially in children. 
The murmur may be accompanied by a palpable thrill. In decom- 
pensation with cyanosis a diastolic murmur tran.smitted downwards 
(tlje Graham-Steele) is occasionally heard at the second right inter- 
space ; it is probably due to dilatation of the pulmonary orifice with 
consequent relative insufficiency. 

Mitral Stenosis. — In this lesion the second pulmonic is frequently 
accentuated as compared with the second aortic sound. The murmur 
itself is causeil by auricular contraction forcing blood through a narrowed 
mitral orifice; the imme auriculo-systolic given to this murmur many 
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yyiirs ago by Gairdner aptly describes its mechanisQi, It is charaoter- 
iHtically a ruugit, rasping vibrant murmur ; there is often a reduplicated 
second sound at the ajiex. The murmur seems crescendo in character, but 
electr<«'urdi(JK™ljli'«^" sound, records tetid to show that thia 'crescendo' 
quality is only pro<iuced by its proximity to the lout! first sound. Tlie 
time of ii|tpfsirance of the murmur is immediately preceding systole 
(preaj'stolic) or in late diastole. It may occupy the entire diastole. 
It in occasionally niid-dlastolic, with a distinct gap between its com- 
pk'titm jiiid tfic following: systole. This has been demonstrated by 
ek'f'tninirdio^riiphic sound records from patients in whom there was 
proloriRed auricuhnventricular conduction time (usually caused by 
digitalis) ; the nmrmur always iK-curre<l at the time of auricular systole, 
whii'h iu tliese cases bore varying relations to the diastole. A similar 
instiinft' fiiTiie under my observation — a young woman with mitral 
.stenosis an<l gastric symptoms. Electrocanliographic tracings showed 
progressively pri^longeii P-R inter\'al3 (Chapter Vll), so that at times 
there were independent auricular contraetions ; the rough, rasping 
niunruir uiis jihvays synehronous with auricular systoles, and, depending 
ufjou the conduction time, was heard in varying places in diastole. 
Sucli oljservations clinch the cause of the mitral stenotic murmur as 
diw to auricular contractions. The mitral stenotic murmur often 
varies in intensity and duration. These variations probably depend 
upon the rule ^^ith which the blood flows from auricle to ventricle 
(I,t>wis), which in turn dfi>enils upon the difference in pressure existing 
in these two chamliers. In the normal heart, at the beginning of ven- 
tricular diastole (and therefore of ventricular filling), the auricular 
pressure is high, the rate of How more rapid. With the filling of the 
ventricle, the diircrcnce Iwtwecn ventricular and atwicular pressure 
bci'umcs less anil less until the advent of auricular, which of course 
imuiediatcly |>reetHles vcntrieuljir systole. At this time there is a sharp 
rise of auricular pressure and an increased »te of flow into the ventricle, 
.\pplying these facts to the slow, rhA,-thmically beating heart with mod- 
erate mitru! stenosis, the ditTerential auriculi)-A entricular pressure is 
numift'st only at auricular s\-stole, consequently the murmur with this 
typi' of rhythm is presystolic only. With more marked stenosis, or 
with nvore rapid heart action (shortened diastole), the differential pres- 
sure favors the atiricle at the immediate completion of the ventricular 
aj.'stolc; hcTice. here the murmur (xrurs not only in presystole but 
also in early diastiUe, i>r may occupy the entire diastolic period. It is 
wpiH idlly in fturicular fibnUation that tlie murmurs of mitral stenosis 
undergo m&rked changes. Absem-e of rhythmic auricular contraction 
pnH'ludes the ustjal presystnlic element of tlie diastolic murmur. With 
txunpiiratively sh>w and regular ventricular action, there is a distinct 
(jauHc between the diastolic murmur ami the following s\-stole. The 
niurnuir may mvupy early diastole alone ami gradually wane because 
the nttricular is then greater than the ventricular pressure and dimimshes 



PHYSICAL EXAMINATION OF THE HEART 141 



with the fillitij^ of the ventricle. A rough, rasping diastolic murinur 
and a palpable thrill may lose these characteristics under the influence 
of digitalis and become much softer and scarcely audible. I believe 
this is because dipitnlis has produced steadier \entriculur contraction 
with lessened differences in a uriculo- ventricular pressure following 
ventricular systoles, ^^'heu the ventricle beats very irregularly and 
rapidlVf the iimrniiir is slmrt, sharp, and seemingly occupies the entire 
shortened diastolic period. With extremely rapiil and tumultunus 
cardiac activity it may become barely audible or distinguishable, 
although in the occasional longer diastolic pauses its usual character- 
istics are evident. 

Aortic Stenosis. — Wlicn t.%*pical, the muirour accompanying ex- 
treme aortic stenosis is the most marke<l of all the valvular lesions. 
It is then loud, rough, and vibrant, is systofie in time, is heard best 
in the second right interspace and is transmitteil along the carotids. 
It is occasionally tran.smitte<l downward or posteriorly at the level 
of the third or fourth dorsal vertebra. The se<-oml aortic sound is 
often absent. This rough murmur is accompanieti by a systolic thrill 
felt over the right base and carotids. The pulse wave may rise slowly 
(pulsus tardiw. Chapter III), a characteristic sometimes recognizable 
by radial palpiitinn. 

Aortic Regurgitation. — This murmur varies considerably in intensity 
ami in propagation. It is diastolic in time and may occupy only the 
beginning or the entire diastole. It usually replaces the second sound. 
Tlie murmur is most often blowing in character ; may be very soft, or, 
occasionally, quite loud and rough. The usual area of greatest intensity 
is at the right base ; however, it is often heard loudest at the second 
and third left interspaces near the sternum. Not infrequently an 
aortic regurgitant murmur has exactly the characteristics of a mitral 
stenotic one; that is, it profluces a presystolic sharp rumble at 
the apex (Austin Flint murmur). I'nder such clrciunstances, the 
regurgitant murmur at the base may be faint or entirely absent- Many 
theories have been advanced for the presence of this presystolic apical 
murmur of aortic regurgitation, but as yet no satisfactorj' explanation 
has been given. The consensus of opinion is Unit it is due to narrowing 
<»f the mitral orifice from the regurgitant stream of blood in the ven- 
tricle. 

Tricuspid valvular lesions are very infrequently encountered. The 
etiology is rarely rheumatic, more often it is of streptococcic or luetic 
origin. Of the two tvpes, regurgitant and stenotic, the former is the 
more common. The regTirgitant lesion is charatterizetl by a blowing 
systolic murmur, heanl best at tlie lower sternum. an<l transmittetl to 
the right; it is often accompanied by a pulsating liver and marked 
jugular pulsation. In one case that I observed, a ^listinct palpable 
thrill was alst> present. Tricuspid stenosis is exceedingly rare and has 
never been found as an isolate^l valvular lesion ; it has been verj' in- 
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frequently diagnosed during life. The chararteristtc murmur h de- 
scribetl as a presystolic rumble most pnimmt'nt in midsternum ur uver 
the xiphoid. The lesion mny be suspectefl in tlie presence of extreme 
cyanosis, right auricular hs-pertropliy, and marked pulsation in the 
veins of the neck and in the liver, 

Valrular pulmoiiary ingufficiency is exceedingly rare ; it has never 
been ubservcni as an isnhited lesion and has been correctly diagnosed 
ill only a ver>' few instances. The murmur is described as blowing 
in character, diastolir in rhj"thm, heard best over the left second and 
third interspaces, und transTuittei'l downward. It is usually accom- 
panied by titlier endncanlial murmurs. 

Pulmon&iy stenosis commonly occurs as a congenital lesion. Its 
differentiation from aortic stenosis, which sometimes presents i^lmilar 
auscultatory signs, may be made from the fact that the murmur of the 
latter is propagated along the carotids, while the pulmonary stenotic 
murmur is transmitted downward. 

A combination of lesions of the various valves, especially the aortic 
and mitral, i.s very curamon. The lesions in themselves tend to cause 
inorganii* nr stK-alltnl functional murmurs (/j.v.) from the various degrees 
of valvular ami ventricular dilatation they prmluce. In addition the 
valvular murmurs may not be typical ; therefore it is sometimes diffi- 
cult or even impossible to determine the exact valvular lesions that are 
present. The problem is further complicatetl by the frequent coexist- 
ence of pericanlitis with its ailventitious sounds. An extremely valu- 
able guide in the differentiation of such complicated murmurs is careful 
comparativ e auscultation of the differing quality, pitch, and propaga- 
tion of the murmurs. In this manner, the characteristic miu-mur of 
one of the valvular defects may be f(»llowe<l through an apparent maze 
produced by the presence of other valvular murmurs. Furthermore 
much inforraatitm is gainetl by precordial palpation, which, with auscul- 
tation, may act as a guide in the determination of enlargements typical 
of the various valvular lesions. 

MtrRMtms IN .Atherosclerosis 

Besides rheumatic x'alvular afTection», atberomatotis changes in 
the mural endwardium, in the mitral valves, and in the aortic valves 
and walls frequently give rise to murmurs. The presence and signifi- 
cance of the murmurs due to such changes have not been sufficiently 
emphasized. Intraventricular murmurs, non-rheumatic in origin, are 
often present in cardiosclerosis. The cardiosclerotic process prevents 
coaptation of the mitral cusps and thus produces mitral regurgitation. 
This murmur is systolic in time an<I is heard best over the lower pre- 
eordium ; it is usually less loud than the rheumatic valvular mitral 
rqgurgitant murmur and is transmitted over a smaller area. Thicken- 
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Ing and dilatation of tlip aortal vvaljs, ct)mmniH in aortitis, pive rise to a 
loud rough systolic niuriimr over die ri^ht base. As di:>tinpiiHhed 
from aortic stenosis the uiurnmr is less rnugh and vibrant, and only 
rarely propajtated alotij; the carotids. If aortic <lilatation is marked, 
the systolic may he fotlowed by a short diastolic murmur, due to re- 
gurgitation in the enlarged aortic ca\'ity or to vah'ular insufficiency, 

IXTRACARDIAC MuRMtTtS OF Xf>N-OBO.lKlC ORIGIN 

Murmurs arising in the heart and not due to organic disease have 
received man\' names and have Ijcen jiscribed to various causes. They 
have been termetl accitlentiU murnuiris, hemic murmurs, adventitious 
sounds, and functional murmurs. They have been ascribed to anemia, 
tn relative valvular in.sufficien<-y allowing leakage and regurgitation 
of hloiHl, to return of the blood in the large venous trunks. It is ap- 
parent that much confusion exists regarditig lioth the terminology and 
the etiology of these intracardiac murmurs. In the tlescription to be 
given, I shall apply the term ' functional murmur ' to those adventitious 
cardiac sounds not produced by an organic lesion. 

Fuiictiunal murmurs are ver\' common. The fact that they can 
occur without cardiac disease ami without producing symptoms 
requires emphasis. They are often merely accidental discoveries 
in the routine physical examination. The presence of these murmurs 
in the healthy, as well as in such conditiutLs as fever and anemia, sug- 
gests a varying etiology. The chief characteristics of the non-organic 
murmur are its softness and its limitations to small areas. There are 
numerous exceptions, however. The murmur may be rather loud, 
somewhat rough, and when found in the lower precordium, may iie 
slightly transmitted above, or to the left. These exceptions are es- 
pecially frequent in chililren and young adults. The most cuitimon 
site of the functional murmur is at the apex. It is systolic in time and 
accompanies the first sound, usually as a soft whiff. In addition to 
normal individuals, aueh functional murmurs are found in patients 
with rapi<l heart action, in those with flabby general musculature, 
and in those with anemia. In anemic individuals, the changed charac- 
ter iif the bloof! is usually assuraerl as the etiological factor. This 
hnjothesis, however, is not based upcm any experimental data. In 
those with flabby musculature, I believe the cause to lie in dilatation of 
the musculature supporting the mitral ring, with consequent leakage 
and regurgitation ; this is commonly termed relatiTe insufficiency of 
the mitral Talves. Perhaps many of the murmurs in the aiiemic (so- 
calletl hemic murmurs) heard in this lo<ration have the same etiology, 
for grave anemia conduces to a lack of proper muscular iunv. In 
tachycanlia, ImpnTper and faulty closure of the mitral cusps, alone or 
in aildition to relative mitral insuflSciency, may be the cause of the 
functional murmur at the apex- 



144 



CLIXIC.\L CARDIOLOGY 



A source of diagnostic confusion sometimes exists in dilTerentiating 
the non-or^anif iiitrai-anliac murmur heard over the apex from the 
or^ftnic murmur of mitral insuftiriency. The diatiiiftiun between 
t]rpical non-organic and typical orj^anic mitral regurgitant murmurs is 
not difficult; the latter are rougher, lnuder, and are heard over larger 
areas than the former. The second pulmonic sound is apt to lie ac- 
centuated as compared with the second aortic. When the character- 
istics of the two overlap, as, for example, in rheumatic fever In 
which the fever itself or tlie endocarditis may cause the munnur, 
the distinction betv^eeii the organic and functional becomes ex- 
ceedingly <lifttcult. In doubtful cases with fever, examination must 
be made after the fever has run its course in order to arrive at 
definite conclusions. In anemia, the association with other ' hemic ' 
murmurs, especially systolic murmurs at the right base, aids in the 
differentiation. The correlation of other data — lack of sxinp- 
toms of heart disease, genera! type of muscular development, occupa- 
tion (se*lentary or otherwise), the tj-pe of heart as seen fluoroseopically 
- all these are elements which require consideration in the differential 
diagnosis between functional and organic murmurs. Xon-organic mur- 
murs are commonly met with in patients of sedentary habits, with flabby 
general musculature and ptoseil abdominal organs. The distinction in 
the middle aged and elderly between a mitral non-organic murmur and 
that found associated with myocanlitis is of extreme important.*. The 
differentiation must be based upon the usual characteristics of the non- 
organic murmur. If it is soft, blowing, and not transmitted, one may 
infer that the mitral ring is dilated and that the murmur is of func- 
tional origin. The diagnosis of myocanlitis must then be pre^ticated 
upon the usual evidence of -myocardial insufficiency, and upon the 
presence of an intraventricular murmur (q.v.) characteristic of athero- 
sclerosis. 

Aberrant fibers eoursing^ through tlie ventricle, formerly termed 
aberrant tendons, can presumably give rise to loud systolic murmurs 
over the precordium. There seems to \k no metlitKl of distinguishing 
these from other non-organic or organic murmurs. The tricuspid 
murmur of relative insufficiency may occur with decompensation from 
any cause of venous congestiem : emphysema, myocanlitis, endocarditis, 
etc. A systolic murmur of varying intensity is then heard mer the 
lower sternum, usually transmittetl to the riglit; an enlargeil pulsating 
liver is occasionally present. Stimetimes the Hver pulsates in the absence 
of a tricuspiii nniruiur. Since this could scarcely occur without re- 
gurgitation, it is clear that the latter may be present without producing 
a murmur. The frequency of relative tricuspid insufficiency without 
valvuliir ilisease is added evidence that mitral regurgitation with its 
munnurs may also be due to relative valvular inaufBeiency and to 
abtiorninl dilatJition of the mitral ring. If tricuspid regurgitation and 
cariliae dec-ompensation are extreme, the systolic murmur is occasion- 
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svlly transmittcil posteriorly nii the right side Iwtween the mid-dorsal 
spine and tlie angle of the scapula. 

A non-tjfganir, soft, blowing systolic murmur in frequently heard 
over tlie aorta, particularly in anemia. It has none of the character- 
istics of aortic stenosis. This murraur is also found in decompiensated 
mitral lesions. Its cauw is not knowti. A shttrt diai^tolic aortic mur- 
mur may be preseivt in mitral lesions, ptissihly tlue to ^elati^'e insuffi- 
ciency from abnt>rmal diJatalion of the aortic ring. 

Third Heart Sound. — In a large proportion of young normal adults, 
a faint third licart sound at the apex in mid-diastole may be heanl by 
plfti ing the patient in the left lateral position. It is scsft and low pitched. 
I'honocardiograms of the sound have been obtainetl. The explanation 
given ff»r the third heart sound is that it is due to the sudden floating 
up and tension of the auricuU>-vcntrifular valves from the first onrush of 
bloo<! from the auricle Ut the ventricle. 

Extracardiac Non-organic Murmurs. — Pericarditis is natiu-ally not 
incUuled. ()f non-organic murmurs of extracardiac origin, the most 
common is that termed the cardio-respiratoiy or car dio -pulmonary. It 
is usually soft and blowing in character, systolic in time, and heard best 
over the left base. Ocnssionally these characteristics change. The mur- 
mur can be n)Ugh and lou<l, and be transmitted along the left sternal 
bonier and htwer precordium as a somewhat superficial, squeaky sound 
resembling a friction sound. The cardio-respiratory murmur is ascribcfi 
to compressitjn of lung tissue between the heart and chest wall. During 
inspiration, the lung co\'ers a large part of the root of the pulmonary 
arterj' and the upper precordial surface, facts which can readily be 
corroboratcil by fluorns«>pic examinaticm. This also explains why the 
murmur Ls usually heard best when the lung becomes inflated at the end 
of inspiration. However, it is sometimes best heard at the end of ex- 
piration, possibly IxK-ause in some patients the pad of lung between the 
chest wall and the heart is abnormally large, thus diminishing the 
transmission of the murmur. The murmur is found frequently in 
children. It js not uncommon in frail women with thin cliest walls. 
The fact that the intensity of the murmur tiepends upim respirator^' 
phases and that it Is never accompanic<l by a palpable thrill aids in 
distinguishing it from other typv^ of organic cardiac murmurs beard 
in this area. 

Eeduplicated Sounds and Reduplicated Apical Impulses. — These 
reduplications have receivetl various names, the mo.st common being 
split sounds, gallop, canter, double, and triple rhythm, and " bruit de 
rappel." The term ' reilupUcation ' seems preferable because, though 
many of its etiological factors are still obscure and problematical, it 
conveys some concrete idea of the iniderlyiiig phenomenon. 

Reduplicated Second Sounds arc of valvular origin and can usually 
be clearly defined l>y auscultation. In the order of their frequency, re- 
duplicated second sounds are heard at the apex alone, at the apex and 
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right base, at the right base alone, ami lastly over the piiltnonary artery. 
The time of their €)ct'urreiiee in the canliac cyvle and the study of 
eieetrntanliographic sound records demonstrate that they are due to 
cKisure of the semilunar valves. Their presence in various positions 
and corabinatiuas suf,'t;ests differing etiology. In many instances 
cnnclusions regardinfi: the eause ean for the present be only tentative. 
One eause of re< hi plicated second soumis is asynchronous clOSQT6 of the 
pulmonic and aortic valves. In this type tlie elements constituting 
the rwJuplication are heard very close to each other. In other t j"]jes, the 
sound elements may be separated by a distinct hiatus. In these, the 
first part is undtjubteflly due to closure of the semilunar valves, since 
it occurs in the cardiac cycle in early diastole soon after the .I-F valves 
open. The second part of the reduplication has been aserilje<l to a prrt- 
cess somewhat similar to the caitsatitm of the third heart s<mnd, that is, 
to quick ventricular filling and resultiiifj vibration of the floating cusps. 
This explanation, however, appears untenable, for the refluplicated 
elementji .seem i<lentical on auscultation and have beeu so proven by 
graphic sound records. As a more plausible explanation, it appears to 
me that a sharp .systolic wave can prftduce a secondary' reflux wave 
which, impinging upon the already eloiie<l and tense semilunar valves, 
sets these in vibration and thus causes the second element of the redu- 
plication. This would account for its frequent presence in tachycardia, 
in mitral stenosis, and over the great vessels at the base of the lieart. 

Reduplicated first sounds are usually classified under " prcsy.stolic 
gallop rhythm." I here include only rtxlupHcatetl first sounds mthout 
reduplicatefl apical impulses, from which I believe they are etiolog^ieally 
distinct. Thus limlte<l, rwluplicated first sounds (without re<luplicated 
apical impulses) are heard only in the apical region. It can be dem- 
onstrated by simultaneous electrocardiographic sound records and 
electrocardiograms that the flffSt dlemeat of this tj-pe actually lies in 
presystole, and hence must be due to some presystolic event in the 
cartliae cycle. Most probably this is atuicular contraction. The oc- 
currence of the reduplication may depend upon a hj-pertrophied or 
overact in^j auricle. 

EednpUcated Apical Impulse. — This type, always accompanied by 
a reflujil Seated first sound but of different origin from the above, is found 
especially in conjunction with hj'pertrophietl left ventricle and in 
aortic disease. It is occasionally found in the overacting normal heart. 
Upon auscultation, besides the double first sound, there is a distinct 
sense of a doable stiock or impulse, often evident uptm palpation alone. 
.Since the reiluplieate^l apical impulse has been found in lesions of the 
main branch of the auriculo-ventricular bunflle, ventricular asyn- 
chronism is evidently one of its causes. The clinical diagnosis is aided 
by the fact that bundle leaions are usually accompanied by signs of 
inytMunlitis and by regular slow pulse rates between 50 and 60 per 
minute. 
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In addition to patients with bundle lesions, I have observed identical 
double apieal impulses in those without electrocardiographic or other 
indication of bundle lesion. In several such instiinces there was definite 
fluoroscopif evidence that the double impact was due to & secondary 
ventricular nanvement tollnwing the primary systole. The exact cause 
of this double impact I could not definitely determine. In an effort to 
seek its explanation, the following must be recalled. It b known that 
the normal first sound is composetl of three elements: first, tension of 
the aur!cuk>-veiitricidar valves ; secondly, the musc ular clement, 
ventricular contraction ; and thirdly, ventricular impact against the 
chest wall. "^The first element of the reduplicatefi sound under discus- 
sion is probably due to the usual three normal factnni above enumerated. 
Kegarrling the second part of the rnliipiication, it is difficult to state to 
what extent and proportion these three factors are concerned. To re- 
turn to the fluoroscopic examination of patients with this reduplicaticn, 
one may observe not only the ventricular systole, but what may be 
termed ' ventricular fling,' seemingly comprising difTerent areas ; some- 
times this involves the apex alone, at others, the entire left ventricle 
seems to take part in the secondary movement. It is impossible to 
determine how far such ventricular Hing resembles normal physiological 
systolic contraction. It may represent an attempt to regain ventricular 
tone which is interfered with by the distention produced by varjnng 
amounts of residual blood following systole. In general, it seems in 
harmony with clinical obser^'ations to seek mechanical intraventricular 
causes for the reduplicated apical impulse. A weakenwJ myocardium 
may fail to properly empty the overdistende<i ventricle, a condition 
fuvnrable to the production of a double impulse and reduplicated first 
pound. A similar condition can occur in patients with long-continued 
fever ; as in typhoid, where myocardial weakness may be only tem- 
porary anil functional. Again, it can occur in those suffering from 
myocarditis and resultant myocardial insufficiency. This was well 
illustrated in an instance of alcoholic myocanliti.s in which at necropsy 
the ventricles were found hjpertrophied and riddled with scar tissue. 
A reduplicated apical impulse was present during the stage of decom- 
pensation alone; the electnx'ardiagram showed a deep M complex 
(Chapter IV). When compensation was temporarily restorefb the 
double apical impulse an<l M complex disappeared, the ventricular 
complex assuroe<l a normal outline. 

RedupUeatetl apical impulses are frequently present in aortic re- 
gurgitation. In these ca.ses they may be directly due to tlie blood 
which regurgitates into the ventricle ; this then produces a sharp ventric- 
ular shock which becomes audible as well as palpable at the apex. 
A double apical impulse is also found in left ventricular hypertrophy 
with hypertension. The violence of ventricular action and the impact 
of residual blood m&y here account for tlie second element of the re- 
duplictttiun. 
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CHAPTER XI 



EnOLOGY OF ENDOCAEDITIS AND OF CABDIOTASCDLAB 

DISEASE 



ClassiflCfttion. — In the following enumeration, aortic disease will be 
incluilnl because histolopicallj- its intima h a ccintinliation of the endo- 
cardial endothelium, and disease afTectiag the one often affects the 
other. 

Any claissification adopted at this time mast in a measure be arbi- 
trary antl tentative ; fur example, diseases now groupeil as toxic alone 
may later be found to be uf bacterial origin. Further fstudies may isolate 
specific factors in cases now grouped penerically. With these limita- 
tions, the etiology of endm-arditis and of cardiovascular diseaise may be 
conveniently tabulate*! as follows: 



1. Chemicat Agents 



2. Bacterial Agents 



(o) Metallic Poisona. 
(o) Ak'olioL 

(d) Diabetes. 

(e) Gout. 

(/} Products of Food ^t^'ta1>oIism. 

(a) Diphtheria — Pneumonia — Typhoid 

(b) Rbeumatism — Tonsillilis. 

(c) Pj'^orrhoea — Mouth Infectious, 
((/) Pyogenic Abaeessea. 



Typhus. 



3. Baet«rial Endocanlitis. 

4. Spirochetal Infection — Cardiovascular S.vphilis, 

1. CREjncAL Agents 

(«) Metallic Poisons. — Of these, the action of lead is the best known. 
This meta! attacks the endocanlitun and aorta. In rare instances, 
tlie coronaries and their branches also become diseased. The renal 
arterioles are often invuhefl ami nephritis residts. Dependin^j upon 
the severity and the location of the arteriolar disease, the symptoms 
and physical sijrns may Iw those of aortitis, nephritis, coronary disease, 
or of endocarditis; or there may l>e a clinical picture combining these 
pathological entities in varying proportions. The patient's occupation, 
a history of colic, peripheral neuritis, the presence of a lead line on the 
gums, microscopic examination of the blotHl, and the chemical examina- 
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timi of the feces and of the total urine of several successive dill's for lead 
are data which are of aid in the search for lead as the etiological factor. 
Wliether myootrdial degeneration, when present, b primar>' or b see- 
oodary to disease of the coronarv* sv'stem is stOl an unsettled question. 
The iwlective action of lead on the artenaJ 3>-5tem seeim to indicate 
that myocarditis results secondarily from the \*asctilar disease. 

Severe phosphonts poisoning prc»duc«5 fatty degeneration of the 
heart and of the arterial intima. Other metaltiic poisons — ci>pp(.-r, 
mercury, arsenic — have a much greater st'leetive action upon the 
gastrt^intestinal eanal, ami upon nervous, osseou:^, and renu), rather 
than upon the cardiac structures. Except for the action of mercury 
U]jon the kidneys, it is questionahle Tirhether these metallic poisons 
produce cardiac damage that h clinically recognixiible. 

(6) The degree of damage to the cardiova^-ular system hy alcohol 
u still a matter of dispute. Like otJier poisotLs, it affect.s the cardio- 
vascuiar structures to a variable extent, so that necropsy reports show- 
ing ahsient'e of cardiovascular damage in chronic alcoholism are not 
necessarily evidence uf its innocuoii^ries.s. It is probably true, however, 
that tlie importance and frequency of alcohol as a canliac jxiison ha\'e 
lutfn overestimated, .\lcohol attacks particularly the cardiac mu.s^ 
culature; the result is myocardial disease var.ving from slight fatty 
degeoeratiun to sear-tbsue formation. Tlie arterial system, when 
attftdcrd, presents various grades of intimal thickening and calcareous 
deposits, and, in exceptional cases, degeneration of the remaining 
arterial coats. 

The clinical symptoms referable to alcoholism are usually those of 
mycM arrlitis and of myocardial insuiEciency. The heart is mmlerately 
iiy|M'rtropliic<l. As a clinical nyndrnme of moderate mywardttis miiy 
be cited that due to constant drinking of large amounts of beer {the 
" Miinchcner liierherz "), In severe cases of alcoholic myocarditis, 
canliiu' hypertrophy may lie extreme. In one case that I observed at 
riecrofjsy, a man of 45 who was an inveterate wine drinker, the ventric- 
ular iini?4cutaturc consisted mainly of scar tissue, the heart weighed 
twice the normal. Symptoms and clinical signs due to aortitis — an 
impure first and arcentuutcd second sound at the right base, and hj-per- 
teanion — ure id^o oceasionally due to alcoholism. 

{r) Tobacco Poiaoning. ~ It is the general belief that tobacco users 
arc parlti tiliirlv prone to aortic disease, coronary sclerosis, and myo- 
cardial fli'gcncration, and that these pathological changes are caused 
by nicotine, the main tobacco alkaloid. This view is based chiefly 
upon the result of animal experimentation consisting in the injection 
of nicotine solutions in rabbits, with the production of a varying per- 
centage of aortitis. The injections must be rcpeuteil at frequent inter- 
vah over u long (>eriod liefore aortitis results. As objections to inferences 
drawn from these experiments, it must he stated that others have found 
no abrMirrnul aortal change following nicotine injectioiis; indeed, one 



ETIOLOGY OF ENDOCARDITIS 



151 



oHserver found spontaneous changes in the aorta in a rertain prnpfirtion 
of normal rabbits. Moreover, it is questionable whether these injee- 
tions are eftmparahle in their effects to the iiilialation of tobam* smoke 
in man. For example, when the attempt was made to prcKluee parallel 
conditions by forcing rabbiLs to inhale fumes on successive tjays from 
measured amounts of burning tobacco, no definite changes in the aorta 
were found. One observer who made u careful pathological study of 
the hearts of hea^y smokers dying of various diseases foun<l only a 
slight change in the papillary muscle ; this he attrihutetl to the rapid 
heart action usually found in smokers. From the experimental untl 
pathological sides, therefore, it must be concluded that no ineontro\'ert- 
ible proof has as yet been ad<luce<i that smoking in itself prixluces 
canliovaseular disease. On the other hand, il* the result of physiological 
and pharmacological experiments, it is known that nicotine has a strong 
neuiotiopic actitm, particularly upim the sympathetic nervous system. 
Many of the symptoms complained of by patients with so-called ' tobacco 
hearts ' — tachycardia, arrhythmias of various tj'pes (especially extra- 
sj'stoles), syncope, precordial pains and distress — can be more reailily 
and rationally explainetl, I believe, by the selective action of nicotine 
upon the sjTiipathetic ner\ es and ganglia than upon the assumption 
of organic cardjovaitcular disease. In the majority of cases, when 
tobacco is withtlrawn, cardiac irregularities and pain cease and patients 
examined months or years later show no eviflence of organic damage 
to the heart or arteries. I believe, however, that if from any cause, a 
tendency to aortitis exists, its onset may occa.siona)ly be hiLsteneil by 
tabagism. Even this statement is only surmise, for it is not susceptible 
of eUnical proof. 

{fl) Diabetes is frequently accompanied by arteriosclerosis, ne- 
phritis, and endocarditis, less frequently by myocarditis. These changes 
are presumes! to W due to lu'perglycemia and to foreign chemical sub- 
stances in the blood which protluee tliminished alkalinity (so-called 
acidosis). The clinical s^Tuptonis and signs of the resultant cardio- 
vascular di.sease, when not msisked or complicated by diabetes itself, 
are high blood pressure, thickening of the palpable arteries, albumen 
and casts in the urine, and aortitis. The therapy should \ie directed 
to both diseases — diabetes and cardiosclerosis; relief or cure in the 
former is often ftdlowe*! by Ix'neficial results in the latter. 

(e) Qont — Similar to diabetes, gout is also frequently accompauie<l 
by endo('artlial, vascular, and renal disease. An abnormal amount 
of urie acid in the blood and in the tissues may be the cause of these 
pathological changes, or both the latter and gout may be the expression 
of some common, as yet unknown, underlying factor or diathesis. The 
problem of therapy directed to the canliorenal disease is rarely com- 
plicated by the presence of gout. 

if) Prodaete of Food Metabolism, Amino Acids, etc. — 1*he study 
of metabolism and of blood chemistry has shown the presence of amitxo- 



152 



CLINICAL CARDIOLOGY 



aelds and other protein deri\-atives in the blucKl. E;q>eriments have 
(iemonstrated that protein feeding can produce changes in the cardio- 
vascular and renal apparatus of animals. Though clinical proof is; 
lacking, these investigations suggest that protein ovcffeefiing in man 
may be followed by arterial disease, and that tlierefore proteins can 
act as a cardiovascular poison. 

2. Bacteri.vl Agents 

In the production of disease, bacteria act directly, or by the elabora- 
tion of chemical poisons, i.e. of toxins. The latter arc at present re- 
garded as extremely complex chemical poisons uf nitrogenous nature. 
It should be rememhcTOl that the various bacterial agents attack dif- 
ferent parts i)f the cardiac structure and t** a varying degree. 

(fi) Diphtheria Toxins. — In severe infections, marke<l destruction 
of the myiictirdium may result in death. In one instance, a girl of 10 
with severe diphtheria and heart bUtck, leucocytic infiltration in the 
junctional tissue and in the ventricular musculature was found. In 
another instance, a child developetl heart block during the course of 
diphtheria. Electrocardiograpliic examination several years later 
still showed the arrhythmia ; however, there were no cardiac symptoms. 
J have observetl a child 8 years old with very toxic diphtheria, in whom, 
after a few ilays, there were attacks of convulsions coincident with slow 
rhythm. Polygraphic tracings show'ed regular radial and ventricular 
activity at the rate of 40 per minute ; the venous tracing was unsatis- 
factory. Heart block was tiiagnosetl. The child diet! one week later. 
Necropsy was not obtainable. From the virulent course of the disease, 
heart block seemetl due to toxic degenerative myocarditis. 

Milder toxic destruction of the myocarfiium is evidenced by the usual 
signs t>f myocardial insufficiency, especially by dyspncea. Other e^*i- 
dence is the presence of arrhytlimias : — heart block, auricular and 
%'entricular extrasystoles, auricular filiriHation, tachycardia. These typ€s 
may frequently interchange. They are apparently indicative of myo- 
cardial degeneration. Pathologically, the muscle cells undergo fatty 
degeneration, the valves and endocardium are rarely involved. With 
reference to the arrhythmias it must lie remembere<i that, as in other 
aente febrile and infectious diseases, cardiac irregularities may oceur in 
dijihtheria at the onset or crisis, without any evidence of canliovascular 
degeneration. Such irregularities at these times are prctbably the effect 
of toxins on the normal neurogenic cardiac control ; they are harmless 
anil rarely recjuire me«lication. It is therefore important to differentiate 
the innm-uous from the dangerous arrhythmias in diphtheria, With our 
present knowledge, tJiis is best accomplished by a careful and complete 
examination of the entire cardiovascular apparatus, and not alone by 
a consideration of the tyjies of arrhythmias. The present^' t»f cardiac 
failure, slight or isevere, — dyspnoea, cyanosis, edema, cardiac dilata- 
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tion — indicate'* that any type of irregularity, except physiological 
sinus arrhythmia, is nf serioits or even ominou,s import. 

The study of the heart in diphtheria is further complicated by the 
oceasioiial fiecurreriee of unexpected, sudden tleath. This is usually 
regardeti as due to cardiae paraly!>i*. Some of these deaths can, I 
believe, be explainer! upon the assumption of a destructive, progressive 
myocardial degeneration with slight or no sxTnptoms during life, or 
with the cardiac sjTnptoms masked by those due to the diphtheria 
itself. In other cases, in which roywardial damape is not demonstrate*! 
at necropsy, tliese fatalities may pf»ssihly be regarded as anaphylactic 
phenomena affecting tlie cardio-inhibitory center or the intracardiac 
nerve supply. 

Fneumonu. — In pneumonia pneumococci are not infrequently 
found in tlie circulating blood. The manner in which the myoturdium 
is damaged is still in dispute. I am of the opinion that the myocardial 
damage is usually the result nf toxemia. This Is to some extent based 
upon the observation of two cases of heart bltK-k that occurreci during 
pneumonia. One^ a man of 70, came to necropsy. Macroscopical 
examination of the brain and spinal cord and microscopical examination 
of the heart, including the junctional tissues, showetl that all these 
structures were normal. Another case, a man of M), entered the hospital 
in collapse and semi-stupor. The temperature was !(>4°, There was 
pneumonic const>lidation of the left upper lobe. The temperature 
ranged between 100" and KM" for one week. The heart sounds were 
scarcely audible, the radial pulse was regular, its rate between 1(10 and 
1 20 per minute. .\t tlie end of one week, there was critical defervescence, 
the temperature fell to 97.4" \yer rectum, there was extreme collapse. 
The ventricular rate suddenly droppetl to 44, and remainetl between 

and 44 fur four days. Although satisfactory graphic records could 
not be obtained, heart hltxk was diagnoscfl by the clinical phenomena 
and pulse rate. The pneumonic area underwent gradual resolution. 
There were no general comiilsions, but frequent ciuivulsive tremors 
of the musculature of the upper and lower extremities. The stupor 
slttwly deepeneii into coma. Suddenly, one week after the inception 
of the slow rhythm, the patient sat up in bed fully oriented, with good 
color, warm extremities, and a pulse and ventricular rate of 7(i per 
minute. The heart sounds, though still faint, \vere readily heard. 
Except for two occasions a few days later, the pulse continued regular. 
From its occurretjce with critical dcfervestx^ice and its continuance 
during resolution, the cause of heart bluck seemed due to toxins liberate<l 
at the crisis and affecting the inhibitory cardiac control. 

Action of Paeomoma on the Heart during the Acute Process and as 
& Late Sequela. — Kndt>carditis flue directly to an invasion by pncu- 
niococci is by no means rare ; this type will be discuHse<l later. Many 
pathological examinations of tjie effect i>f pncumt)nia on the cardia<' 
musculature have been reported. Slight degeneration (cloudy swelling) 
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has been the rule ; occasinnally more severe damage has been described. 
When widespread, these dcgenerati^'e changes eaii imdoubtedly cause 
death. But there is no evidence that slight cardiac degeneration, the 
usual change in pneumonia j is in itself sufficient to produce death ; uor 
have attempts been made to correlate the amount and degree of path- 
ological damafje with tlie clinical or bacteriological evidence of toxicity. 
Exiwrimental evidence pertaining to this subject indicates that pneu- 
monia usually acts as a poison upon the functional power of the he^rt; 
ftir example, pneumonic bImMl perfused into a healthy dog'5 heart is 
immediately follownl by very much weakeneil contractilit\'. The 
contraetion^s become normal when healthy bloiHl is subsequently per- 
fused. At present the conclusion seems warrante«i tlnit death from 
pneumonia in the maj(>rity of cases is not due to demonstrable changes 
in the myocardium. On the other hand, damage to the cardiovascular 
apparatus as a Ut6 sequel of pneumonic infections ha.s l>een insufficiently 
emphasiizetl. Such sequelae pnKluce symptoms only some mcmths or 
years after the pneumonia has run its ct>urse, so that the connection 
between the two diseases is often entirely overlooke<l. In some instances 
the pneumonic poison seems to light up a dormant cardiovascular pro- 
cess ; in others, it primarily produces this condition. Brief case reports 
of both t.x'pcs are herewith given : 

Male, age .50, enteretl the hospital with a mild pneumonia. He . 
recovereil within one week. The only point of interest in a careful 
examination of the carfliovascuJar system was a slightly accentuated 
second sound over the right base, suggestive of aortitis. The Wasser- 
marm blood reaction was neg'ative. The urine and the bkuMi pressure 
were normal. Two months later the patient rei-ntcrerl the hospital 
witlT the histor>' of a pneumonic attack three weeks before, He pre- 
sented all the typical evidence of cartliosclerosis with decompensation : 
— anasarca, urine containing albumen and casts, high blood pressure, 
markwlly accentuatetl second aortal sound. Evidences of the recent 
pneumonia were still present. 

A physician, age 50, had for several years remarked occasional 
dyspnoea upon walking but never considered himself ill. Two years 
before coming untler observation, he devclofjed a severe pneumonia 
which ran a toxic a>urse and lasted several weeks. A few months 
thereafter, cardiac s.vraptoms began: He l>ecame dyspnoic and edema- 
tous. HjTJertension developed. The urine eontainen albumen and 
casts. Orthodiascopic examination one year later showed marked 
enlargement of the aortic arch and of the left ventricle. Witli some 
remissions, the cardiac sjioptoms lasted until the time of his death, one 
year and a half later. 

Both tliese cases illustrate the effect of pneumonia upon what seemed 
otherwise quiescent cardiovascular disease. 

Male, ageti '.i2, never drank or smoked. He had a grippe infection 
with fever six years previously ; this lasted several months ; pulmonary 
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tuberculosis was suspected but bacilli were never found. Cardio- 
ne|>hritif symptoms bepan tliree years later. They were at first mild 
aiul cansiste<l of occasional dyspnoea when climbing stairs. The signs 
of cardiosclerosis gradually progressed so that at the time of examina- 
tion, although the patient complained only of slight dyspnoea an<l pre- 
cordial pain, the left half of the chest was practically filled by a hugely 
h\pertrophie<l heart. The sj'stoUc bltjod pressure ranged between 
2S0 and 3(M) mm. of mercury, the first soumis at tlie right biise and at 
the ape.^ were exceedingly harsh and rough, iiwlicative of probable cal- 
cification of the mitral \alve3 and aorta. The second sound at tlie 
right base was markedly accentuated ; the urine contained albumen 
and casts. The Wasserraanii bl*xKl reaction was negative. The clinical 
picture was that of extremely atlvanced cardiosclerosis and nephritis. 

From the history and from the absence of other etiological factors, 
it is fair to conclude that the pubnonary infection six years before the 
onset of sjinptoras was the direct and only cause of the cardiovascular 
disease. 

The action of diphtheria and of pneumonia as cardiovascular poisons 
has been described in some detail Iiecause similar observations apply 
in varj'ing flegrecs to other infectious iltseases. T^ phoid fever deserves 
special mention in this connection. Therefore, careful search for such 
etiological factors should be made in every case of cardiac and arterial 
disease in which the^ cause is obscure. 

(6) Eheumatism — Tonsillitis. — Of all diseases, rheuinatism is the 
most frequent cau.se of vabular disease. Although the etiology of 
rheumatism is not as yet known, recent experimental research and 
clinical observ ation indicate tliat it is of bacterial, probably of strep- 
tococcic, origin. For the present, however, it is here classified under 
Toxemias. Val\-idar endocarditis is the most frecjuent sequel of a 
rheumatic infection. Myocarditis, which follows less frequently, 
usually rx"curs in the form of submiliary inflammatory ntxles (Aschoff 
bodies). Permanent rlaraage alwai,'s results from rheumatic valvulitis 
and myocarditis ; but here, as elsewhere in the body, if the infective 
process stops early, scar tissue may form before clinical signs of myo- 
cardial t>r valvular disease present themselves. The necropsy alone 
gives evideni*e of cardiac damage in such instances. Even if clinical 
manifestations are present, particularly in cases of mitral regurgitaiit 
lesions, the process may heal, so that valvular leakage stops and the 
patient remains clinically well, Such observations have been sub- 
stantiatet! by post-mortem examination. 

Tonsillitis is groupetl with rheumatism in the etiology of cardiac 
disease^ for it gives rise to joint manifestations and to endocarditis, 
similar to rheumatism. Even without joint involvement, tonsillitis 
frequently causes endocarditis. In fact, exceedingly mild and ap- 
parently harmless tonsillar and pharyngeal attacks, accompanied by 
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a few minute spots on the tutisils or pliarynx, can be the source of 
an endocardial infection. For example, a vigorous young man oi 21 
developed mild pharyngeal Kripi>e lasting three days; the highest 
temperature was 101.5°. Within one week typical signs of a mitral 
regurgitant lesion were present. Similarly so-called ' colds ' — acute 
pharyngeal and nasal catarrh — can be the infectious nidus for eudo- 
canlitis, 

(e) Pyorrhoea Alveolaris. — Much experimental and clinical work 
has recently been done to .show that the various organtsims liarbnred 
in the mouth and prtwlucing pynrrhfKa may, by systemic alworptiuii, 
cause endocarditis and myoear<liti.s. Among other bacteria, the strep- 
tococcm viridans has been especially accusetl. Howe^"er, it has been 
abown that this organism is a fairly frequent inliabitant of the 
normal mouth ; hence not only demonstration of the pyogenic organ- 
ism is required but also definite clinical evidence that it bears an 
etiological retation.ship to the cardiac disea.se. In the face of negative 
bUxMl cultures and in view of the other well-known causes for endo* 
carditis, the currelatitm between pyorrhoea alveolaris and canliac 
disease can only be established by a thorough examination of the 
mouth fur carious teeth, for fK?riostitis, and for pyorrho'a, and by 
rafliographic examination of the roots of the teeth for evidence of 
absorption ami caries. This cfinstitutes the first step. Then a 
careful search of the entire body must be made for other possible 
infective foci wliicli may cause cartliovascular disease. Cholecystitis, 
cystitis, deep-seatwl bone abscess, p^'ebtis are some of these bacterial 
conditions. So that even should roentgenography tlisclose root ab* 
scesses, ami the mouth harlior pathogenic bacteria, it is for the clinician 
to decide from the clinical history, the t.vpe ami probable duration of 
the canJiovascuIar disease, and from a complete cxmniiiation for all otJier 
possible sources of infection, what weight, etiologically, should be 
given to the presence of riM>t ab.scesses as the causative agent of endo- 
carditis. Thus sturlie*!, it apjiears to me that the claims now made for 
the extremely frequent crmnection between oral infections and heart 
di.sease will t>e found unwarrante<l. This statement incjced fits in wHth 
general clinical experience. Very many children with valvular disea.se 
pi>ssessing healtJiy teeth have been obsersed as well as very many w ith 
cariitus teeth ami norma! hearts. In those patients with can.lio vascular 
diseiLse ohscr\'c<l by me, in whom extraction of teeth had been <lcme 
iH'caiise of root absces.scs, there was no elTect upon the cardiovascular 
process or upcin the clinical signs. One woulfl not ex]>ect the small 
amount of toxin.s presumably clalHirattnl and absorlnnl fnim a small 
dental focus to be & fmfuetit eause of endocartlitis ; one would expect 
sufficient anti-bmlies to be developed to prevent cartliac mischief in 
the great majority of cases. On the other hand, it cannot be denie<l 
that, in an extremely susceptible individual, general systemic damage 
and cardiac disease can thus ocajsionally, though I Ijelievc only very 
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rarely, he produteil. It is, therefore, necessary for the cUnic-iaTi to 
weigh all factors and not to conclude too hastily that becaui* pus, path- 
ological bacteria, or small root abscesses are found in the mouth they 
are necessarily the cause of the cardiovascular disease in thut imlividual. 
We are greatly indebted to the dental profession for indicating the 
teeth us a cause of endocarditis, but the physician must finally jutJge 
all tlie evidence in every case before he can decide whether the cause 
of endt)car<litis lies in the mouth or elsewhere. Nune of the statements 
here made of <"ourse militate against the fact that purulent mouth condi- 
tioiia should be carefully treated, nr that children with diseased teeth 
should receive proper dental attention in order to remove that source of 
a possible endocanlitis. My main object has t)een to refute the now 
widely accepted opinion that diseasetl teeth vummmihj cause disease of 
the heart. In those exceptional cases mider my observ'ation in which 
alveolar pyorrhcea was apparently the cause of the existent cardio- 
vascular disease, the pyorrhoea was frank and usually severe even to the 
time that the patients presenteil themselves for examination because of 
cardiac SNinptoms. There was usually a long history of fuul breath 
and of decaying and lonse teeth. The patients were of midtlle age 
or past middle age. When brought out by questioning, the history 
of pyorrhoea was definite and of several years' duration. Of extreme 
interest and importance is the fact that, svinptomatically and patho- 
logically, the picture is usually that of cardiosclerosis It 
seems as if the toxin acts primarily upon the arterioles of the cardio- 
vascular syatem, affecting in van-ing tlegrees the vessels of the heart 
and kidneys. Its final effect upon these organs often closely resembles, 
Lndeeil sometimes coincides with, the pathological picture of senile 
cardiosclerosis {7.P,), 

id) Pyogenic Abscesses, — These ma\' occasionally produce endo- 
carditis, by the pnKluctinn of a Ijacteremia or frttm toxins. In endo- 
carditis, where a frank etiological factor cannot be found, careful 
search should be made for hidden abscesses as possible causes. 



3. Bacterial Endocarditis 

Bacteria were demonstrated in valvular vegetations by Ileiberg 
as early as 1809. Since then, many types of organisms have licen re- 
co\'eretl from such vegetations, and, more recently, have been isolated 
from the bhiod. 

The question of systemic bacterial infection in rheumatic fever is 
still unsettlcfl, although, as already indicated, there are gotxl clinical 
anil experimental grounds for considering it a bacterial disease. The 
organisms found in the bltHxl which prwluce endocarditis are grouped, 
according to Simons' mo<lificatioti of Litten's classiScation, m fol- 
lows : 
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1. Ordiaary Streptococcus. 

I Streptococcus viridaoa (Schottmiiller). 
Endocarditia cocci (Libman). 
Mixlitlt'd pneumocowi (Kosenow). 
Kapropbytic iSlrepttxjotjci (Uorder). 
Streptococcus tenuans (Hasting). 

3. Staphylococcus albus and aureus. 

4. Pneumm-oceua. 

5. Qonococoua. 

6. Meningococcus. 

7. Bac. coli. 

8. Ba<c, influeii£n. 

9. Bac. pyocyaaeus. 

From the statistics of various authors, the most eommon invaders 
in acute bacterial infections are, in the order of their frequency, the 
streptococcus pyogenes and the staphylococcus aureus ; fairly frequent 
are the pneumococcus and gonocwcus ; the streptococcus viridans is 
very rare. The other bacteria — staphylococci, meningococci, bac» 
coli, bac, pytx'yaneus, and biic. aerog. eapsulat. — are only occasionally 
found. The chronic invaders are, in the order of frequency, the strep- 
tococcus "viridans (which is very common), the streptococcus pyogenes, 
pneumix-occus, bac. influenzse, and the gonococcus. It is thus seen that 
the gram-positive chain cocci are the chief causes of bacterial endo- 
carditis. 

Relative Frequency of the Bacterial Invasions &nd of the Valvular 
Affections. — The mitral is the valve most frefiuently atTectai aloue; 
next in frequency is the aortic. Bacterial infection of the pulmonary 
or trieuHpid valves alone is exceedingly rare. The most common 
combination of a multiple infection is tlie mitral and aortic; the next, 
the tricuspid and mitral. Vegetations on the walls of the auricle 
and ventricle have also been described, but they do not occur without 
vegetations on the valves as well. The pathological features of chronic 
streptococcus viridans are discussed in connection with the clinical 
features of that affection iq.v,). 

4. SpraocHETAL Infection 

The immense strides marie possible in the detection of s.vphilis by the 
discovery of the causative organism (spirocheta pallida), and by the use 
of the Wasserraann reaction, have enhanced our knowledge of the fre- 
quency of lues as a cause of cardiac disease. The relation of syphilis to 
valvular disease, ^iJeeially to disease of the aorta, although not proven, 
had long been suspected. Syphilis has now been demonstrated as a 
very common cause of dlsea.se of the heart muscle ; in fact, myocarditis 
is occasionally present in the secondary, as well as in the tertiarj'. stages 
of lues. By special staining methods, the spirochete has been found 
in the aorta and in the cardiac musculature. The most marked, and 
probably tlie earliest, patliological involvement consists in a periarteritis 
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of the arterioles of the coronary system, resulting in various types of 
muscle degeneration (fibrosis, fatty degeneration, brown atrophy). 
As a later involvement, gumma and gummatous infiltrations also occur. 
The valves and walls of the aorta are the most common situation for 
cardiovascular syphilis. The picture varies from mild arteriosclerosis 
to extreme cicatrization with calcification. Thickening of the mitral 
cusps is less frequent. It may, however, be sufficient to produce signs 
of a mitral regurgitant lesion. Endocardial changes varying from slight 
opacities to extensive degeneration may coexbt. 



CHAPTER XII 



PATHOLOGT OF THE ENDOCARDIUM AND MYOCARDIUM, 
AND OF CABDIOSCLEBOSIS 

StTueture of the Endocaidium. — The endocardium is composed 
of c?onnective tissue cont;iininj{ smooth muscle- ami elastic fibers; its 
free surface is covered by a layer of endothelial cells, Uncierncoth 
tliis layer is one of loose areolar tissue continuous with the interniuscu- 
Iftr connective tissue septa ; this stratum also contains the bh»ad vesscl-i. 
The cariliuc vah'es are composed of fibrous coIUlecti^'e tissue covered 
by embcardium ; they contain muscle fillers at their attached marfjins. 
The normal semilunar valves have no bloofl vessels ; the normal tri- 
cuspid and mitral valves contain blo(Ml vessels only in the muscular 
tissue at their bases, the muscular tissue being a reflected layer of vary- 
ing size from the main ventricular mass. 

In the description of the diH'erent pathological varieties of endo- 
and myocardial changes, the classification given by E. Kaufmann will 
in the main be followed. 

The endocardium is subject to the following degenerative changes : 

Fatty Degeneration. — Macroscopically, pure t>r ycUo'^ish white 
areas are fuun<l in the endwardiura, especially on the mitral valves in 
old people. Such <legenerative areas usually represent senile changes; 
they are, however, occasionally the result of anemia, ttiscmias, and 
infections. 

Sclerosis. — The afTected endticardium takes on a white, thickened, 
and hyaline appearance. An entire valve, especially the mitral, its 
free bottler, or parts nf the mural endocardium, may be invoh'ed; in 
addition Ui these changes there may be calcareous deposits. Occasionally 
the aclerotic areas underRo mucoid degeneration. Microscopically, 
the sclerotic patches arc found to consist of strands of connective tissue 
which have undergone hyaline degeneration. 

Atheromatous Deg^eneration. — This consists of focal necrosis in the 
val\ ular tissue and may inclmle any of the changes already mentioned. 

The above degenerati\'e t.ypes are as a rule found in elderly people, 
and may be regardal as senile in nature. They are occasionally encoun- 
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tered in the mid<ile agetl , very rarely in the young. The valves espeeially 
attacked by these degenerative processes are those previously inHataed, 
The result is that the free surface uf the vulvular endocardium becomes 
roughened ; adherent thrombi may forrn which later, following a slow 
productive inflammation, become partially or totally organizetl. Thick- 
ened patches are thus formeti. The end result of all these changes 
is an irregular, more or less diiTuse, sclerotic, and atlieromatous thick- 
ening of the valves, with consequent pr{)found change in their structure, 
shape, an<l function. They can no longer close tlie cardiac orifices 
properly, thus giving rise to various abnormal bIo(xJ currents and to 
murmurs (Chapter X). 

It is lit times difficult to differentiate this primary sclerosis and 
atheroma from clironic fibrous and infectious endocarditis. 

Endocarditis, sometimes calle<i thrfjmbo-endticarditis because of 
its chief pathohjgical feature, is an inflammation involving tlie valves 
and occasionally also tlie mural cndocanlium and chordie tendinete. 
As discussed in another connet'tion (Chapter XI} endocarditis may be 
produced by bacteria, their toxins, or by foreign chemical substances 
flowing in the general circulation. In biictcrial endocarditis {i.e. where 
quantities of bacteria are found in the circulating blfKx]) the usual 
sequence of the pathological procetss afTecting tlie valves is as follows: 
The bacteria form dump-like deposits which appear as very fine fr&yish 
granules. Beneath these, there is tlestruction and necrosis of the 
endothelial, and finally of the deeper layers of the valvular structure. 
The extent of the destructive process apparently depcntis upon the 
virulence of tlie invading bacteria If the endotlielial layer is not 
entirely destroyed, it shows only cloudy swelling. Thrombi from the 
circulating hUxKl, consisting of platelets, fibrin, and white and red blood 
cells, become adherent to the dam-igeil surface- With the washing off 
of the bacterial clumps by the blood stream there remains a small defect 
with a necrotic base, to which thrombi again become attached. Where 
blood vessels are present in the valves, an exudative inflammation sur- 
rounds the necrotic areas. Where the vascular supply is absent there 
is a growth of comiective tissue cells and an increase in lymphocytes; 
later, there may he formation of new blootl vessels. In acute foudroyont 
cases, also calkil tilcerative, malignant, or septic endocarditis, in which 
there is extreme bacterial virulence with large bacterial deposits on the 
valves, the necrosis spreads to the tleeper layers. This is due to the 
primary effect of the bacteria or their toxins, or is secondary to an in- 
tense purulent infiaramatiou. In this manner, large valvular defects 
are soon prcxtuce^I. In less virulent subacute and chronic cases, there 
is connective tissue pnxluction of flat wart-like excrcsccm-es ujKtn the 
valves. This process has been variously termed verrucous, productive, 
simple, or rheumatic endocarditis. The damage is iK-ca.sionally so 
mild mid superficial that the only sign of a previous inflammation is 
a small amount of scar tissue. Since tlie verrucous and ulcerative 
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varieties of endocarditis are not always distinct, and may merge into 
each nther, they may buth occur together as a mixetl process. A shrink- 
age of the granulomatous connective tissue produces what is known as 
chronic fibrosis or fibroplastic endocarditis. 

Verrucous endo<'arditi3 is usually found in the left heart in adults. 
The ulcerative type is seen fairly frequentlj' in the right side of the 
heart. In the new born, tlie site of predilection for verrucous endo- 
carditis 13 also the right heart. 

The verruciE and tlie formation of fibrous tissue give rise to stenoses 
of the valvular orifices (Stenotic lesions, Chapter X), or the valves no 
longer proper^' close the orifices, they became incompetent and allow 
the blood to flow back into abnormal cardiac chambers (Regurgitant 
lesions. Chapter X). 

It is of importance to correlate, where possible, the pathological 
picture of cndocanlitis \^'ith vah ular disease as encountered clinically. 
Thus, in acute endocarditis, the usual change consists in the production 
of ulcers with thickening of the cusps, and the presence of healed areas 
and of granulations. Valvular deformity is slight or absent. In tlie 
longer continucfl, subacute cases of endocarditis, verruca? along the mar* 
gins of the valves represent the prominent patholojjical change. Val- 
vular deformity b moderate. In chronic endocarditis^ there is produc- 
tion of new tissue affecting not oidy the valves but also the chordae 
tendinBc; the latter become stiff, the valves hanJ and inelastic The 
result of both of these changes is marked deformity ; in the case of the 
mitral valves, there is lengthening and funnel-like formation of the 
mitral opening, accompanied by varying degrees of stenosis. 

Myoc.viiiHUM 

The following are the chief pathological changes occurring in the 
myocardium. 

Simple and Brown Atrophy. — In both, the cardiac fibers become 
smaller and the entire heart is decrea.sed in size. In addition, in 
brown atrtiphy pigment is fimnd as small granules in the sarcopiasra. 
The entire heart presents a brownish appearance. Both tyi>e3 occur 
hi inanition, and in various cachectic states. Brown atrophy especially 
is regarfJeil as a senile change. 

Parenchjmatous Degeneration. — Microscopically, this is marked 
by cloudy swelling. Macroscoipically, the carfliac musculature has an 
opaque, dark refl, somewhat spotterl appearance, and is softer and more 
friable than the normal muscle. This degenerative change is a frequent 
accompaniment of infectious fevers and of biological and chemical 
pKiisons. It is also found in severe anemia. 

Fatty Degeneration. ^This exists as a primary process or represents 
a later <le\ elopincnt of parenchymatous degeneration. Depending 
upon its severity, the myocardium is studded with fat droplets of 
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various size. Macroscopically, the musculature shows patchy or 
diffusje yellowish areas. When the damage is extreme, the tnm~ 
cle is flabby, friable, and grayish in color. Verj' many factors, espe- 
cially those that alter the quantity and quality of the blood, may 
cau^ fatty degeneration. For example, it is found in severe primary 
anemias, in anemia following hemorrhage, in infectiou^s diseases, in 
chemical intoxications (espec'iallj' from phosphorus, arsenic and alcohol), 
in coronary disea^, in cardiac hypertrophy, and in chronic nephritis. 

The '* Fatty " Heart. — Fatty degeneration must be distinguished 
from what b ordinarily termed the " fatty heart." In the latter 
the organ is covere<J by more or less extensive fat pads. Some- 
times these lipomatous masses insinuate themselves between muscle 
bundles and appear as fat clumps or spots under tlie endocardium. " Fatty 
hearts '* are usually the accompaniment of fat accumulations in otlier 
parts of the body, in obese and thickset individuals; very rarely these 
masses are found as .seconrlary changes in the cardiac atrophy of cachexia. 

DiaturbaBces ot the drculatioil sometimes give rise to myocardial 
changes. This is especially true of focal anemia subsequent to inter- 
ference with the coronary circulation from emboli in the main cor- 
onaries or their subsidiaries, or from coronary endarteritis. Either of 
these impedes or entirely stops the intrinsic arterial supply. Coronary 
endarteritis causes extreme intimal thickening or calcareous deposits ; 
thrombi may become adherent to the deiiudetl roughened intimal surface. 

Anemic Necrosis. — Following complete obliteration of one of the 
smaller coronaries, the C(trres]K)nding carfliac area becomes ischemic 
and pale, and undergoes ci>agulation necrosis, a process sometimes 
termed anemic necrosis or anemic infarct. The infarcted area may 
become myomalacious. In rare instances, such softened area.s develop 
into aneurisms of the cardiac wall which may finally rupture. A mure 
frequent outcome is organization of the anemic infarct ; the necrotic 
material is absorbed, and vascularized granulation ti,^ue takes its place. 
This ends in fibrous or fibroplastic myocarflitis, and, finally, in scar 
tissue formation. If the process is widespread, the ^'entricular tnusr- 
culature appears stripe<1 on section. It presents a somewhat checkereil 
appearance if older scars are found in conjunction with fresh necrotic 
areas. 

Acute Interstitial Myocarditis. — Ab the result of bacterial infection, 
in which a ('lump forms the inflammatory nidus, an area of cloudy swell- 
ing, necrosis, and fatty degeneration of the musculature is developc«l. 
The necrotic area becomes infiltrated by a zone of leucocytes. If the 
leucocjiies penetrate the necrotic zone, an abscess results. These 
abscesses are usually minute, though by ctinfluence they may sometimes 
be reatlily seen hy tlie nake<i eye. Small abscesses end in scar tissue 
formation by destruction of bacteria and liquefaction and absorption 
of the pus cells. The tlefect is then covere<l by granulation tissue 
coming from the surrounding musculature. On the other hand, these 
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foci may cause purulent pericarditis, emboli, ulcerative myocarditis, 
and cartliac aneurisms. Any of these sequela? can directly or indirectly 
cause death, hi iho^ instances in which tlie itiflammatiun stops short 
of abscess formation, the process may end in the prnductii)n uf granu- 
lation, of young connective and, finally, of scar ti.s.^ue. This occurs 
especially in the mytK-arditis accompanying rheumatic eniiocarditia 
in which large-cellei] infiltrations (Aschoff's bmlies) are found. The 
cells c-omprising these infiltrations are probably derivetJ from wandering 
mononuclears and ntit frnra muscle or connective tissue. 

Chronic Fibrous InterstitiaJ Myocarditis, — This is a secondary 
productive process resulting in the formation of fibrous areas contain- 
iii^ elastic ant! connective tissue. It may follow acute myocarditis, 
parietal endo-myocardltis, coagulation necrosis of the cardiac muscle, 
or cardiac abscess. 

Cardiosclerosis 

Of late there have appeared in the literature and clinical medicine 
the generic terms cardiosclerosis, cardiovascular disease, and cardio- 
renal disea.se- These are convenient though somewhat inexact terms 
which are meant to de-scHbe and group certain clinical conditions. 
There is no single pathological picture which accurately describes 
these groups. As the names denote, the pathological change in the 
myocardium and endocanlium is an exceedingly variable one. It 
dejwnds upiin the amount and type of the other concomitant diseases 
affecting the kidneys and general arterial atructure. The usual under- 
lying factor is a general degenerative change of tlie entire vascular 
system, but esj>eciall\' of the smaller arterioles (the capillary fibrosis 
of Jores) of the heart and kidneys. The heurt then presents {-hanges 
corresponding to this widespread cause, in addition changes wrought 
by renal disease. The heart is either atrophic, with a thickened, sclerosed, 
and calcareou.s endocardium and indurateil scars in the myocardium ; 
or it is enlarged, the coronarics showing signs of mild or widespread 
disease varying from slight thickening to extreme calcification and ob- 
literation of the arterial Imnen. This prwess may involve the smallest 
coronary branches. The aorta is dilated, its intima thickenefl and 
atheromatous, ctmtaining calcareous depwsits. A similar process affects 
the semilunar valve^i which, as a cfmsequence, become incompetent or 
stenotic. The ventricular endocardium shows various patches of fibrotic 
thickening. Similarly, the mitral \'alve3 arc infiltratctl by fibrous 
patches on their surface or along their free margins. The valves may 
even be incrusted with calcareous deposits. The myocardium presents 
iniiurutet] areas of scar tissue formation, or the entire musculature is 
riddlcfl hy massive formations of this character. Engraftcfl upon these 
comuioner changes are those which frequently accompany hj^pertension 
and renal disease, i.e. mas.sive hj'pertrophy usually of the left but 
Bometimes of both ventricles. 
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CLINICAL PHENOMENA AND SYMPTOMATOLOGY OF 
ENDOCABDmS 

For dimca.1 purimses, I shall divifle valvular en<locaHiti5 into the 
rheumatic, thv bacteiial, and the chronic streptococcus viridaiu. Car- 
diac sjphilis and general cardiosclerosis are disfussed i>eparately. 

EhEUIHTIC ENDOCifiDITlS 

Climeal phenomemt afc"(impanying acute endwarditi-s may be di- 
vided into the general rheumatic and the endocarditie manifc^^tattons. 
The funner include Joint and muscular symptoms, eliorca, tonsillitis, ery- 
thema nodosum, subcutaneous fibroid ntnlules, etc. These rheumatic 
manifestations do not always run parallel with the degree of endocardial 
involvement : the rheumatism may be mild, the endocarditis severe, 
or the reverse. I have, for example, noted the appearance of severe 
infection of the mitral valve following; very mild catarrhal invasions 
of the upper air passajfes. One in^^tance was that of a young, vigorous 
adutt of twenty, suffering from mild phar^'ngeal catarrh. His highest 
temperature was 100. l*. After three days, a typical mttral lesion de- 
velopetl. 

Endocarditie manifestations depend upon physical signs, and upon 
the type, course, and complications of the valvular infection. The 
physical sigas of the various lesions are described in a separate chapter 
(Chapter X). Writers have classified endocarditis according to special 
featiu-es (fever, cerebral complications, etc.), the asvsumeil pathological 
pr«x-ess (verrucous, warty and papiUary endocartlitis), or the results 
of blood culture. Since the various groups merge, and bacterial inva- 
sions (e.g. streptociwcus viridaas) may complicate rheumatic endocar- 
ditis, sharp divisions are purely arbitral^ and cannot be maintained. I 
purpose therefore to describe the iLsual clinical tj'pe of simple rheumatic 
endocarditis, with such variations as are impirtant. 

The one prominent s\'mptom of acute rheumatic endocarditis is 
fever. WTien the general rheumatic manifestations are active, It may 
be impossible to trace the source of the fever, for it may then be due 
to rheumatism or endocarditis. When the rheumatic cotu^e is prac- 
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tically afebrile, any sharp rise of temperature, especially if sustained, 
is suggestive of an endocardial involvement. Fever continuing after 
recession of rheumatic signs in the joints and elsewhere is strongly 
significant of endocarditis. Fever may be so slight that the tem- 
perature may have to be taken frequently in order to establish its pres- 
ence. This is especially true in tlie mild tjpe of acute endocarditis 
of adults. More often there is a rise of temperature of one or two de- 
grees ; its usual aecompaninients — lassitude, anorexia, and headache — 
are then present. HyjJerpyrexia is iinct»mmon. An initial chill or 
rigor is rare- It occasionally happens that there is no ri^e of tem- 
perattire during the entire crmrse of the endocarditis; this of course 
does not preclude the possibility of fex'er before the patient came under 
observation. 

Certain prodromal symptoms suggestive of endocarditis may exist, 
particularly in c hiklrcn, c^cn in the absence of fever. Such children, 
otherwise robust and healthy, complain of feeling tired, and become 
anemic and leas acti^'e. These manifestatiot^ ha\'e tio referenee to 
the heart, for the children are not dyspnoic, and pliysical signs of en- 
docarditis are not found. It is only when mild rheumatic symptoms, 
such as fleeting pains in the limbs, occur, that a slight rise of temperature 
for a few hours may be observed; with it, the physical signs of endo- 
carditis often become evident. 

Between the very mild, almost non-febrile cases, and the commoner 
ones with moderate temperature, ttiere exist all grades and t\'pes of 
febrile disturbances. 

The physical signs of acut« endocanlitis are inconstant; they 
usually vary with the intensity of the pn>c-css. The latter may be 
slow and gradual, st) that it is only after a long time that frank physical 
signs of valvulitis appear. On the other hand, physical signs, especially 
in children, may be immediate and unmistakable. Once established, 
the auscultatory phenomena of the vahnilar affections are those already 
described (rhapter X). 

Other Sjrmptoms and Signs of Acute Endocarditis. — The first 
hint of endocardial <lamage may be slight acceleration of the pulse. 
In adults, the rate may reach KXl, in children, 120 per minute. This 
pulse acceleration is commoner in children than in adults. It may 
precede the physical signs of endocarditis by several days. This 
occurre<l In a young woman of twenty-five with articular rheumatism 
and without temperature, who sudilenly developed moderate tfichy- 
cardia; several days after rheumatic manifestations had ceased, 
the physical signs of endocarditis were present. Next in frequency to 
moderate pulse acceleration are extra-irv'stoles. Parox\'sraal tachycardia, 
auricular fibrillation, and flutter are uncommon, Prolongal conduc- 
tion time is sometimes found ; it is regarded as an evidence of myo- 
cardial rather than of endocanlial involvement. In very rare instances 
myocanlial involvement shows itself by atrio-ventricular heart block. 
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SubjectiTe symptoms of various kinds are sometimes referred tu 
the prefurdium duriiifj the course of acute endocarditis. They consist 
of indefinite sensations of weight or pressure on the chest. Occasion- 
ally " thumping " sensations are complained of, although the heart 
rate is normal ; this seems due to abnormally strong ventricular contrac- 
tions. There are at times " sticking " or " stitch-like " precordial pains 
{Chapter XXI). I'ain may lie present not only over the prccf>r- 
dium, but may also rattiate to the left shoulder and neck and to the 
left intercostal spaces. In general, the pains are not severe; tliey are 
more common when taohycarflia is present. 

Cardiac decompensation in any of its phases is xery rare in simple 
acute rheumatic endocarditis. 

To summarize; fever, anemia, arrhythmias, or precordial scnsatioDS 
con.stitute .<^UKgestIve signs of the onset of acute rheumatic endocar- 
ditis. Definite physical signs of a valvular lesion are necessary in 
order to clinch the diagnosis. 

Exacerbations of simple rheumatic endix-arditis are, in general, 
markeil by signs and symptoms similar to tlie original onset of the 
disease. Rheumatism, pronounced or obscure, is often present. In 
some respects, however, rheumatic endtxarditic recrudescences differ 
from the primary attack. Fur example, pulse irregularities are more 
frequent. Tachycardia — simple ptdse acceleration or the paroxysmal 
tv^ie — is particularly common. Extrasystoles occur ne?rt in frequency. 
Auricular fibrillation, present throughout the entire exacerbation or 
coming in attacks, is by no means rare; in this respect, especially, 
exacerbations differ from the original onset. Auricular flutter is occa- 
sionally observed. Subjective precordial sensations are more common; 
they vary from sensations of pressure to frank attacks of precordial 
distress. The physical signs of the %*alvular lesion are more pronounced 
unless they are niaskecl by rapid or irregular heart action. Mild dis- 
turbances of compensation — slight edema of the legs, enlarged liver, 
dyspnoea, etc., begin to make tlieir appearance. 

Chronic ExDOc.uiDrna 

Depending upon the duration and frequency of rheumatic exacerba- 
tions, the sjTnptoms merge into those of chronic endocarditis, the 
griiup embracing the great maiority of cases of valvular heart disea.se. 
Patients with chronic endocarditis and perfect compensation may con- 
tinue in good health ff>r years ; carrliac symptoms may never occur. 
These are the fortunate instances in which tlie disease has become quies- 
cent and the cartliac damage has not been extreme. 

The thief symptoms of chronic rheumatic endocanlitls are due to 
mytx-ardial insufficiency and to decompensation. Brief reference must 
here be made to the underlying cardio-muscular cause of decompen- 
sation. The heart, like voluntary muscles, possesses the property of 
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shortening during, and iif lengthening after, contraction. In health, this 
function is perfert, and permits without tlamage a considerable 
degree of dilatation (e.g. after exercise). In other words, it is this 
ability to contract and expand wiiich fundamentally indicates what is 
known as the ' cardiac reserve.' As the result of vah^ular disease 
there is a varying amount of change in the ventricles and their cham- 
bers; this consists in hypertrophy, dilatation, and myocarditis. These 
abnormal factors compromise to a \'arj"ing degree the underljnng 
function of lengthening and shortening of the cartliac fibers, and hence 
interfere with the reserve power of the heart. In consequence, the 
cardiac power is decrea^etl, and signs of decompensation appear. There 
is also evidence that differences in tone may play a part in the sjTnp- 
tomatology. For esaniple, patients may complain of dyspnoea, of 
vaso-motor svinptoros, and even of precordial distress without any 
physica,l or clinical evidence of cantiac tlilatation. These symptoms 
may appear suddenly, remain for a few hours or a day, then disappear 
without signs of decompensation. 

Dyspnooa. - Our knowledge of the cause of dyspncea has beeu 
advanced through recent chemical studies of the bloocl. Abnormal 
proilucts or abnormal amounts of normal products protlucing so-called 
acidosis have been found. Experiments show that alkalies injected 
into the blood stream cause apnoea, and that very small quantities 
of acids and of acid salts, similarly injected, produce hyperpnoea. 
Carbon dioxide acts chemically in this respect like a mineral or organic 
acid ; it ctuises an increase of the hydrogen ions in the bkxwl, the 
factor which measures ' acidosi.'j.' The respiratory center is quite 
sensitive to changes in bliMxl reaction. The mechanism of its regula- 
tion is as follows : acidosis (diminished blood alkalinity) stimulates 
tlie respiratftry center to increased activity; there is a consequent 
re«luction in carbon dioxide, thus tending to keep the hydrogen ion 
concentration of the blood at the normal level. 

There are several methods of estimating the carbon dioxide content 
of the bhjod. It may be measurefl directly by examining hloml with- 
drawn from a vein (Van Slyke niethwl) ; or it may be estimated imlirectly 
by various apparatuses for determining the carbon dioxide content and 
tension of the alveolar air. The results derived from these two methods 
run fairly parallel. Conclusions drawn from such examinations bear 
an important relation to cardiac dyspncea, as will soon be shown. 

Cyanosis. — It is a common clinical observation that cyanosis, 
often a prominent sign in valvular disease, is not necessarily accompanied 
by marked dyspnoea. On the other hand, patients of the cardio- 
sclerotic (q.r.) type, especially those with renal complications, are 
vcr%' apt to lie dyspnoie. They are frequently not cyanotic ; indeed, 
they may be d<H:-ided|y pale. The dyspnoea is often nocturnal. It is 
thus evident that dyspncea is present in two ditferent groups of cardiac 
patientii : those who are pale aad those with cyanosis. In the cyanotic 
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group, blood examination shows no abnornjat increase of non-volatile 
acids ; tlie carbon dioxide tension of the alveolar air is usually normal ; 
there is no or only slight decrease of blood alkalinity. In the anemic 
group, renal complications are frequent, the blood pressure often high, 
and venous congestion is, as a rule, absent; the carbon dioxide tension 
of the blood and of the alveolar air is decreased, the acid products 
increased (acidosis) ; Ijotli changes may be extremely marke<l. Such 
patients often have uremic manifestations. At present, the belief is 
that these abnormal products in the blood are due, not to overproduc- 
tion, but to retention from renal insufficiency. 

Cyanosis, with no or only slight dyspnoea, is most strikingly seen in 
chronic uncomplicateil valvular disease. Uidess renal complications 
are present, the tension of the alveolar air and the IjUkmI alkalinity 
are within nnrmal limits. The dj-spnoea, when present, is due chiefly 
to venous engorgement, tlie result of myocardial insufficiency. This 
venous stasis affecting the pulmonary circulation produces deficient 
ox>'genation, which finally results in cyanosis. Cyanosis without 
dyspnoea is most often found in chronic, decompensated mitral lesions. 
\Vlien the piitienLs are resting quietly, dyspncea is scarcely evident. 

Tisceial congestion varies consideralily in the different vah ular 
lesions. Congestion of the bronchial system is shown, at first, by symp- 
toms and physical signs of bronchitis ; in the more advanced cases, by 
pulmonary congestion and hypijstatic pneumonia. Pleural transutlates, 
especially right-sidetl hydroUiorax, may be present; this preference 
for the right side has as yet not been satisfactorily explainetl. The 
liver may be slightly or tremendously enlarged and may even reach 
the pelvic brim. The enlargement may remain permanently. The 
shape of the liver is globidar, its surface smooth. With gradual conges- 
tion of this organ, there is little or no tenderness on pressure ; with 
sudden det-ompensation and consequent rapid engorgement, it is tender. 
The usual sites of tenderness are the epigastrium and the gall-bladder 
region. At ne<Topsy the spleen in chronic valvular disease is often 
found enlarged and congestwi. This enlargement, howexer, often 
escapes diagnosis during life, for the edge of the organ is rarely pal- 
pable, and evidence derived from percussion alone is untrustworthy. 

Renal involTement ranges from moderate passive congestion to 
sclerotic changes in the glomeruli. The former is common ; the latter 
rare. Embolic renal infarcts are also rare in chronic rheumatic endo- 
carditis. Henal congestion is shown by decrease in the amount of urine, 
by the presenre (tf albumen and casts, and, in severe cases, by lessened ex- 
cretion of phenolsulphophtlialetn ((j r.). Edema varies fnjm the mild form 
found only at the ankles to general anasarca. Naturally, the latter is 
usually observctl in extreme cases of Imig-continucd decomijensation. 

Precordial pain in chronic valvular disease apparently depends 
chietty upon the ile^ree and suddenness of decompensation. Its distri- 
bution and character varj' from a alight sensation of precordial heaviness 
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to agonissing attacks radtatin^r from the chest to the left shoulder, left 
scapula, neck, abdomen, and, rarely, to the legs {Chapter XXI). 
Sudden dyspnoea and pain may occur as the result of a profound change 
in intracardiac circulation from embolus or infarct of the coronarj'^ or 
its branches. 

The arrhytlunias will be discussed in contiecttotj with the special 
features of decompensation found in the various valvular lesions. 

Special Signs and Sithptoms of Decompensation in Chbonic 
Rheoi.vtic Valvular Lesions 

Decompensated Mitral Begurgitation. — Venous stasis affecting the 
pulmonary circulation is an early symptom ; hence bronchitis is one 
of the first manifestations of heart failure. Bronchitis may range 
from a short, hacking, unproductive cough to one with numerous soft, 
mucous rfiles ami areas of sibilant breathing scattered over both lungs. 
The latter complex accurately resembles bronchial asthma. Sometimes 
bronchitis forms tlie predominant early feature of decompensation, 
Hemoptyses or expectoration of blood mixed with muco-pus are not 
infrequent. The patients are as a rule cyanotic. When cj'anosis is 
extreme, the lips and extremities are bluish, the eonjunctivse suffused 
and discolored. Even with marked cyanosis, dyspnoea may be milcf 
when the patient is resting quietly. Sev ere decompensation is accom- 
panied by the visceral congestion already described. The usual 
subjective phenomena are a feeling of weight or pressure upon the chest ; 
severe precordial pains are rare. On the other hand, sensitiveness to 
pressure in the epigastrium is common. Somnolence in the ex- 
tremely decompensated cases with a fair output of urine, is probably 
due to cerebral congestion and e<lema. 

Moderate pulse acceleration is the rule, extreme pulse acceleration 
or paroxysmal tachycardia is exceptional. The usual cardiac irregu- 
lariljes are extrasystoles {commoidy ventricular) and aiu-icular fibrilla- 
tion ; the extrasystoles are observed hi the beginning ; auricular fibril- 
lation, in the liiter stages of ifctompensatton. 

Decompensated Mitr&l Stenosis. — A subjective feeling of palpita- 
tion combinetl witli slight tachycardia is one of the earliest sjinptoms. 
It i.s due not only to moderate pulse acceleration, but also to increased 
violence of the heart action. Slight dyspnoea accompanies the palpita- 
tion. Cyanosis is a cninparatively late symptom and marks the period 
of severe decompensation. An enlarged and distinctly pulsating 
liver may be present even when cardiac failure is not extreme. Sharp, 
precortlial "sticking" pains are common; they usually accompany 
the tachycardia. Paralysis of the vocal cord due to paralysis of the 
left recurrent laryngeal ner\'e occasionally occurs, 

Ortner in 1897 first doscrihp*! tho connection between mitral stenosis and 
p&rslysiij of tho left recurrent nerve. Siiico then, reports of Ihirty-two cased 
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ItkVfl b«eii collected from the literature by Cuisset up to 1912. The varioua 
thwniiia held aooountable for the paralysis may be recftpatulated as roUows : 

1. Ortner's Theory : Kecurrent par&lysijs is due to pressure of the enlarged 
Iftft auricle upon the nerve. 

2. Kxaufl' Theory : The right ventricular dilatation present in mitral ste- 
noda causes displacement of the heart to the right, with ooiuequent dragging on 
the aortio ligamet^t and arch, and re»)ultant stretohing and paralysis of the nerve. 

3. Alexander's Theory : The pulmonary artery, either by its own enlarge- 
ment or indirectly by enlargement of the left auriele, is presided against the 
nerve and aortie arch. 

4. The nerve may be compreaaed and caugfht between bands of pericardial 
and mediastinal adhesions. 

AU these theories have had some neeropsy support. Normally, the pul- 
monary artery is situated under, and divides immediately beneath, the aortic 
arch ; below the pulmonary arterj' is the left auricle. It therefore seems im- 
probable that the left auricle, even when extremely enlarged, can exert sufficient 
direct pressure to produce m'urrcnt paralysis, unless the auricle is jammed be- 
tween, or is adherent to, the pulmonarj- arterj' and aorta. This was the finding 
in one case that came to necropsy. In another case, the left auricle was the 
siae of a small fist and was found pressing against the nerve. From careful 
anatomic studies of frozen sections, Fettcrolf and Xorris state that the effect 
of left auricular dilatation is pressure of the left pulmonary artery against the 
aorta, and of the left pulmonary vein against the pulmonar>' arteiy, thus forcing 
the latter against the aorta. They t>elieve that direct pressure alone of the 
eaWged left auricle can scarcely produce paralysis unless the auricle is squeezed 
between or is adherent to the pulmonary artery and aorta. They conclude 
that anything which will dilate or force upward the left auricle, the left pul- 
monary vein, or left pulmonary artery will tend to produce paralysis, and that 
the latter must finally he caused by the nerve being " squeezed between the left 
pulmonary artery and aorta or aortic Lgament." This conclusion bears out the 
common knowledge of the normal cIos« juxtaposition of pulmonary artery and 
aorta. A similar conclusion was reached by Frischauer, who, in & case at 
necropsy, found the nerve compressed between the left pulmonary artery and 
aorta by the pressure of the dilated left auricle and pulmonary vein. 

1 had an opportunity of obser\ing a patient with mitral stenosis in whom 
there was not only paralvsi.s of the left recurrent nerve, but also a marked 
difference in the radial pufst's. The history and the result of the examination 
in this case was as follows : 

Female, aged 25, married two years, with no children or pregnancies, had a 
Bevere attack of inflamniatory rheumati&m thirteen years ago- There were no 
cardiac symptoms until three years ago ; at that time palpitation began. Dur- 
ing the last year, she has also become somewhat dyspnteic. IToarseness eom- 
tnenced six months ago. Examination of the larynx showed that, owing to 
left recurrent paralysis, the left vocal cord was immovable and somewhat 
ohortened, and in the ' cadaveric* position. The voice was indistinct and 
boatfse. The examination of the cardiovascular system revealed the following; 
There was a noticeable difference between the right and left radial arteries on 
palpation, particularly when the arms were extended above the head. The 
Systolic and diastolic blood pressures of the right brachial were respectively 
no and 8() mm, of mercurj'; of the left, 82 and 70 mm. There was no per- 
ceptible difference in the carotid pulsations. The pul.se was reitular, the rate 
100 per minute. There was vigorous, viKihle, prwordial pulsation ; a diastolio 
thrill wa.* felt, and a loud, rumbling, presystolic murmur was heard, at the apex. 
The aortic sounds were normal. Over the pulmonary area t here was a somewhat 
rough systolic murmur and an exceedingly accentuated snappy second sound; 
the sharp click of pulmonary valve closure was also e>'ident on palpation, A 
dry pericardial friction rub was heard over the lower sternum ; three weeks 
later, there was evidence of fresh pericarditis over the pulmonary are*. There 
was no systolic apical retraction. Orthodiascopic examination (Fig. 247} re* 
veoled a short aortal bulge (.1); the outline of the aorta was apparently en- 
croached upon by the very much dilated pulmonary artery U'.A). The left 
auricle (L. 4.), though not enlarged in the tracing, overlapped the pulmonary 
artery to Bome extent. The left ventricle (L.V) and the ngnt side of the besit 
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were also somewliat dilated. The electrocardiogram ehowed a negative R lit, 
and a notched and enlarged P in the first l^d. 

In thJa case, thtre was no evidenco of abnormal right ventricular eniarge- 
ment ; the heart was dilated to the Left, as revealed by artbodiascopy. The 

electrocardiogram ^negative' R III) added some 
porrohoration. This endence of liTt ventricular 
enlargement tends to discredit Kraus' theory as 
to tlie etiology of recnrretit paralysis in m'itral 
stenosis. The orthodiaseopie flndings and physical 
signs over the pulmonary artery in my ease leads 
lo the conclusion that the recurrent nerve paraly- 
sis was due to dilatation and pressure of the 
pulmonary artery against the aorta; whether or 
not lh(3 loft auricle was a factor in pushing up the 
pulmonary artery it is impossible to slate. Lian 
and Mareorelles irisi.st on the presence of old 
thrombo.^ii* of t bo left auricle, or of a raediaistinitis 
Fio. 247. — Orihodiiisropic as contributory causes. Periearditis was present 
tracing: .4, nortolouiliiie; in my patient; it was at first confined to the 
outline of pulraonjiry precordial area over the lower sternum; later, it 
arterj-; i..t. niii.lineoneft {nyolved the area over the piiJmonary arlerv. 
Jdt vontriHe. ■ " This nmy have been an added fat-tor in binding 

down the dilattxl pulmonary artery. 
A unique feature was the presence of a marked difference in the right and 
left brachial blood pressures and in the radiul arteries: this, in conjunction 
with paralysis of the vocal cord, formed a striking resemblance to the clinical 
syndrome of aortic aneurism. The diflferenee in brachial pulse pressure seemed 
due lo the dilated pulmonary artery beinp wedged under the aortal arch 
oppijsite the origin of tbe left subclavian artery, with a pressure sufiScient to 
produce interferenoe with the circulation of the subclavian, and consequently 
of the left brachial. 

Attack* of parox>'stnal tachycardia are frequent in decompensated 
mitral stenosis, Emboli pro<luee occasional complications. Hemiplegia 
and aphasia may follow cerebral emboli. As an iniit^ince, one of my 
patients, a vvnm:in aj;e<l 5(1 with a mitral stetiotic lesion, ha<l aphasia 
for 10 years from a cerebral embtjlus. A large artery of the extremity 
may W plugged by an embi:ilus and cause gangrene. This happened in 
a patient of 40 with mitral stenosis and finally le<l to am]mtation of the 
leg; the patient recovered. 

Severe decompensatiuri in mitral stenosis is usually brought about 
by the development of auricular fibiillation, with the usual sigii.s and 
symptoms already describe*!. The arrhythmia, once eiitablished, usually 
becomes permanent. Occasionally, however, fibrillation occurs witli 
each fresh exacerbation of endocarflitis. Auricular filjrlllation is found 
ofteiier in mitnd stenosis than in any other valvular disease. 

Aortic Stenosis. — The symptoms of heart failure depend chiefly 
upon tlie degree of ventricular hj^jertrophy with its implied lowered 
cardiac efficiency. Marked decompensation is a late symptom, and is 
found only when hypertrophy Ix'comes extreme. Congestion and 
auricular fibrillation occur only in the terminal stages. Among earlier 
symptoms are those <lue to cerebral anemia (dizziness and faintness). 
Other beginning manifestations consist of a subjective feeling of pal- 
pitjition and of moderate tachyearfUa. Embolic infarcts in the viscera 
or extremities are octusional c-ompUcations, 
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Aortic RegmgitatioiL. — Tlie patients are characteristically prone 
to suffer friim attacks i)f tachyeanJia (often parnxysmal), and from 
very severe precordial pains. Pains and tachycartUa often ocnir 
in nocturnal attacks. The pains are usually severe, sometimes agoniz- 
ing. Their favorite site is the precordium ; they may radiate to the 
arms, neck, abdomen, and even to the lejcs. Fright, excitement, over- 
exertion, or nervou.s strain may be sufficient to initiate an attack of 
pain or of taehyeartlia, especially when ventrictUar hj-pertrophy is far 
ath'ancetl. Such attacks may also represent the only evidence of fresh 
endix-arditis. Susceptibihty of the heart to nerve influences of the most 
varie^l kinds, a condition so common in aortic repiirgitation. depends 
chiefly, 1 believe, upon the continued mechanical insults from aortic 
hyperactivity to the branches of the cardiac plexm surrounding the 
root of the aorta. This may well produce an altered state of nerve 
tone and of nerve control, leaving the heart readily susceptible to 
extraneous influences. 

Hemoptyses occasionally occur with the tachycardial attacks j 
they seem due to acute pulmonary congestion from rapid heart action. 
Hemoptysis may also be the result of & pulmonan' infarct. Another 
occasional complication of aortic regurgitation consists in periods of 
somnolence merging into stupor. In one of my patients, a girl of 17 
with a t\'pical rheumatic regurgitant lesion and tremendous left ven- 
tricular hj-pertrophy, these cerebral manifestations were usually ushered 
in by fever up to 103°, and by paroxysms of auricular hbrillation. 
Cyanosis was not present. The dyspnoea during these attacks was not 
more marked tlian usual. The fever and fibrillation seemed due to 
recrudescence of endocarditis. Meningitis could be excluded. The 
accompanying somnolence, and later, stujior, in this and other attacks, 
could st-arceh' be accounted for by tlie fe%er alone or upon the sujj- 
ptisition of a toxemia, for the patient had had a severe and long-con- 
tinued pneumonia with higtier fever, without any cerebral manifestations. 
Perhaps cerebral anemia from disturbed circulation in the brain is the 
underlying cause for attacks of somnolence and semistupor in patients 
with well-marketl aortic regurgitation. 

Visceral ctmgestion, etlema, and permanent auricular fibrillation 
represent late stages of decompensation in aortic regurgitation. 

Therapt of RHEfiimc Exdoc.vrdjtis 

In acute rheumatic endocarditis, or in endooarditic exacerbations 
accorapanitnl by general rheumatic manifestations, tlie salicylates, 
preferably salicylate of soda, are indicated. Clinical observation has 
shown that the salicylates often control general rheumatic manifesta- 
titms; it is therefore as.sumed that tiiey may ecmtrol the rheumatic 
poison affecting the heart. I prefer to gi\'e the salicylate of soda in 15 
grain doses hourly until tinnitus occurs, or until six doses have been 
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taken ; thereafter, the same dose should be given three times daily. 
The futility of sera and vaccines is disciiSiied later (Chapter XVI). 
Rest in bed should be enjoined during the period of the acute endor- 
carditic attack. The plan, stimetimes followed, of keeping patients in 
bed many weeks, nr even months, after the acute stage has passed, 
possesses no value in aiding the circulation or in preventing reinfection 
(Chapter XVIII), Fnmi three to five weeks I consider the average 
time for rest in bed after the acute manifestations have passed. In 
those with rapid heart action or with precorflial discomfort, an ice bag 
should be placed o\'er the heart ; it should be kept in a proper sling so 
that the patient is not continuallj- annoyed by its slipping. The length 
of time that ice is to be applie<l should be governed to a great extent by 
the patient's feelings. I have occasiouajly founcl more relief from hot 
applications (hot i^'ater bag) than from ci>kl. If tachycardia is matked, 
or if patients are restive, the bromides alone, or combinetl with small 
doses of morphine, are indicated. Occasionally, hj'pnotics (chloral, 
veronal) are required. Digitalis is not indicated, for decompensation 
does not occur in acute endocarditis. An exception may be the pres- 
ence of tiichycardia with acute dilatation and dyspncea, a condition 
more frequent in chiklreii than in adults. 

In clironic ihetimatic endocarditis, when no decompensation exists, 
drug medication inten<le<l in affect the heart and circulation is not 
indicttteiL Here. qnestion.s respetrting proper exercise, vocation, and 
occupation play important roles (Chapter XVIII). The therapeusis of 
decompensatioii in chronic endtx^arditls is describetl, to a great extent, 
in another chapter (Cliapter XVI). Though medication is, in general, 
the same for the "V'arious vahiilar lesions, it should again be indicated 
that the same therap,y is not followed by uniform results. The most 
beneficial effects are derived fnim digitalis when employed in decom- 
pemateil mitral stenotic leiiona with auricular fibrillation ; this follows 
from the almost specific action of digitalis {<?.».) upon the conduction 
system. In the heart failure of aortic disease with marked hj'pertrophy 
digitali.i has little or no effect in relieving decompensation, even in the 
presence of auricular Rbrillation. 

Prognosis 

For clinical purposes, the question of prognosis in rheumatic en- 
docarditis may be divided into the acute and subacute, the quiescent 
and the chronic stages. The first two are here groupetl together 
because they overlap so frequently that a sharp distinction is impos- 
sible. 

In the acute and subacute stages, the main prognostic problem is 
to determine, if possible, the virulence of the infection. Although, as 
Htated, a few observers claim to have isolated the specific organism from 
the blood of patients suffering from rheumatic endocarditis, this has 
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not been substantiated by other careful bacteriologists; hence, the 
blixid examination for bacteria cannot at present be usctl to gauge the 
severity of the infection. In addition to information paineci by physical 
signs, most reliance reRarding the degree of virulence in rheumatic 
vah ular infections must be place<l upon such clinical manifeatation^i as 
the aciiteness and severity of onset, the fr«iueticy of chills, the presence 
of hyperpyrexia, Aomittiig, leuwcv-tosis, severe anemia, delirium, and 
upon such complications as pericarditis and pleurisy with efTusion, If 
both the aortic and mitral vahcs are affected, the acute and subacute 
stages are apt to last a longer time than when one valve alone is disea.sedj 
an(l the prognosis correspondingly worse. Patients with arirtic lesions 
are somewhat more prone to complications arising from tlie virulence 
of the infection than are those with mitral lesions. During the time 
that rheumatic manifestations are present, the endocarditis cannot 
be regarde<l as quiescent, even though there 1h? no clinical mani- 
fcstatit>tis nf recrudescence. However, more direct evidence of frc.sh 
endwarditis may be found in increase<i intensity and harshness 
of endocardial murmurs, temporary arrhythmias, precorflial " sticking" 
paints, and, otca.'^ionally, in embolic infarcts in the brain, lungs, or 
kidneys. Slight rises of temperature, if not otherwise accounted for, 
are t*) W regartleti as probable signs of the continuation of the en<Io- 
canlitic process. Another highly suggestive evidence is anemia, severe 
or moilerate, not responding to tlie ui^ual treatment. 

Occasionally the infection is mild, fever and other inSammatory 
raaiiifestiitiuns cease, the valvular lesion quickly becomes quiestent, 
and indeefl soon eludes all signs of ever having been present. Such 
cases usually occur m children and young adults, and apparently repre- 
sent instances in which healing begins soon after the mild endocardial 
infection has run its course. The existence of such cases has been 
corrobortiteil hy necropsy findings. 

If the physical signs or clinical phenomena indicate an active en- 
docartlitis lasting for a month or longer, the outkwk for a " quiescent " 
period, and therefore for a favorable prognosis, becomes correspondingly 
poor. These patients may die of embolic infarcts, or of superadded 
bacteremias, sucli as pneumt>coccemia or streptococcus viridatis infec- 
tions. Decompensation usually plays a minor rflle. 

Quiescent Stage. — In the fortunate cases, this stage represents 
uninterrupted convalescence from the acute and subacute, with 
complete cessation of active signs of endocarditis. These patients 
witli their recurrences and exacerbations comprise the great class of 
chronic rheumatic heart cases. Regarding the quiescent stage as 
convalescence from the acute, decompensation is rare, the chances of 
the lesion becoming ' chronic ' and remaining quiescent are good. The 
prognosis then dejiends upon tliat of chronic endocarditis. 

In chronic quiescent cases, the cardinal point in prognosis is the 
consideration, not of the number or varieties of roimnurs present. 
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hut the extent and type of damage to the myocardium, factors usually 
decided by a study of the muscular and circulatory efficiency of the heart. 
If myocardial efficiency and cardiac reserve are good, a correspondingly 
goofl prognosis may be given. Regarding prognosis from the stand- 
point of longe\'ity, the above observations must be combined with a 
general knowledge of the average duration of life in the various types 
of valvular lesions; but each case must nevertheless be studied in- 
dividually in the attempt to gauge the probable span of life. 

It has been demonstrated statistically that patients with mitral 
insufficiency live longest; individuals with this lesion living to ripe 
oW age are not unc-ommonly encountered. The u-sual duration of life 
in mitral steno-sis is much less ; one of the reasons for this is that such 
cases are prone to develop auricular fibrillation, and with it, the usual 
train of sjTiiptoms and dangers arising from decompensation. In 
aortic regurgitation, massive ventricular hv-pertrophies (cor bovinum) 
are common ; yet years may elapse until death occurs from decomtiensa- 
tion, emboli, or from some superadded acute infective process. In 
general, however, the chances ff)r longev ity with thb lesion corresp»ind 
somewhat to the degree of ventricular h^*pert^ophy ; where this U 
marked or extreme, patients are not apt to live beyond middle age. 



Acute Bacteri.u, ENUocARDms 

Other terms for this affection are malignant, ulcerative, infectious, 
and septic endocarditis. Bacterial endocarditis as an acute process 
engrafted upon a chronic valvTjIar lesion is not here included. 

It has already been pointed out that, although not proven, rheu- 
matic endocarditis is probably of bacterial origin. But acute bacterial 
endocarditis differs so markedly from the rheumatic tj-pe, and even 
from streptococcus viri<lans infection (itself a bacteremia), that it de- 
serves individual description. 

Acute bacterial endocarditis is almost always a secondary process ; 
its presence as a primary lesion has indeed been denied hy several 
wTiters. It may cttmplieate erysipelas, pneumonia, puerperal fever; 
in fact, any bacteremia. It is occasionally present as a terminal in- 
fection. Although the course of acute bacterial endocarditis is essentially 
acute, occasional cases of comparatively long duration Have been de- 
scribed. In acute staphylococcic infections, the portal of entry is the 
akin or an osteomyelitic focus; in streptococcus pyogenes, the mucous 
membrane of the throat or uterus. Gonococci, and also streptococci 
and staphylocotrci, may enter the general circulation from the genito- 
urinary tract ; pneumococci, from the respiratory tract. 

The clinical pictore of acute bacterial endocarditis is essentially 
tliat of a more or less virulent bacteremia, with all its protean and 
manifold characteristics. The disease rarely lasts more than four 
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weeks. There are often no cardiac manifestations; no murmurs, pain, 
dyspncea, or other sipns of cardiac involvement. 

The cJmical manifestations are sometimes divided into the typhoid, 
septica?mic, cerebral, etc. These varying charaeteristies depend up<m 
the virulence of the invading organism, and upon the underlying cause 
of the bacteremia {erysipelas, puerperal septiciemia, etc.). 

The course of acute bacterial endocarditis is usually marked by liigh 
fever ; daily chilb are common ; long remissions of temperature are 
rare. Sweating is t if ten profuse. The onset of the endocarditis: may 
be market! only by an intcnsiiifation of the fe^"er fnim the original source 
of infection, or by an initial rigor. Added hints of its onset may be 
found in jiudden increased pulse rapidity, in sticking pains in the pre- 
cofdiuin, in the friction rub of dry pericarditis. When the latter is 
present, an emloc-ardial involvement as well is usually present. 

Septic infarcts into various organs mark the stormy progress of 
the disease. Thus, cerebral infarcts may protluce paralysis and uncon- 
sciousness, or, occasionally, purulent meningitis; sjTnptoms from the 
Jatter may then dominate the clinical picture. Plematuria, sometimes 
abundant, may follow a renal infarct ; pneumonia, an infarct In the 
lungs. ()f frequent occurrence arc petechisB. They are usually nu- 
merous, especially upon the oral «nd conjunctival mucous membranes. 
The petechii^ sometimes c«intain pin-point pustules in the center. 
Occasionally, patchy erythematous areas in the skin, resembling ur- 
ticaria, may he found. Various joints especially the larger ones, 
may be involvetl in a purulent or .sen>puruk'nt Inttammatory process. 

The usual general manifestiitinns of sepsis, or of a septic ' typhoid ' 
condition, are common. The patients may be actively delirious, or 
be stuporous and comatose. There may be coma vigil with a dry and 
coated tongue. 

Medication, including sera and vaccina, possess no value. The 
treatment is symptomatic only, 

SUB.iCUTB AND ChRONIC STREPTOCOCCUS VlRID.U«3 INFECTIONS 

I have made no attempt to divide the disease into two distinct 
stages, for llie terms " subacute " and " chronic *' depend chiefly 
upttn differences of duration ratlier than of symptomatology. The 
usual duration is from a month to one year or more, hence either 
term may be api)rnpriate to the individual ease. 

Pathological Features. — Of the chronic bacterial infections of the 
heart, tliat by the streptococcus viridans has? been most exhaustively 
studietl. The process is almost always engrafted upon a chronic rheu- 
matic infection. Occasionally, congenital lesions form the nidus. The 
pathological process consists of vegetative proliferative masses of gray- 
is^h, greenish, or pink color. Their main site is the mitral valve. Here 
they may form a few soft, friable masses, or the valve may be encrusted 
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with large polypoifl lesions. The latter may tJieii extend along the left 
auricular wall aliove, and the chords tendinip below. The process on 
the chorda? tendinie occasionally leads to ulceration and rupture of 
these structures. Similar sequelte are sometimes found as the result 
of vegetations on the mitral. Proliferative lesinji.s on the aortic cuisps 
and walls are less common and less extensive than upon the mitral. 
Mycotic atieuriiims of the \-alves are occasionally found. 

Characteristic changes in the Iddney depend chietty upon the presence 
of infarcts. When pyogenic, they give rise to numerous small congested 
areas containing minute purulent foci ; these are readily seen when the 
capsule is strippetl from the kidney. Non-pyogenic bland infarcts 
occasionally occur ; they show the changes usual to anemic necrosis ; 
the infarcted areas are wetlge-shaped and may be several centimeters 
in depth. V\*hen they are recent, the cut surface is yellow; the color 
becomes paler with the process of organization. Another tj*pe of in- 
farct, sometimes a.ssumed as pathognomonic of chronic streptococcus 
viridans, is embolic focal nephritis. Characteristic changes are then 
found in the glomeruli ; a part of, or an entire tuft, may be involved. 
The capillaries are congested, the glomeruli contain a fibrinous exudate, 
the glomerular cpitlielium becomes swollen, and finally desquamates. 
The adjacent parietal layers of Bnw^man's capsule are often involved 
in the necrotic process, so that the entire necrotic area becomes semilunar 
in shaf>e. The mass eventually organizes. There is a growth of epithe- 
lial cells from the healthy adjacent Bowman's capsule, finally covering 
the lateral surface of tlie ma.ss. Wlien healing is completed, the result 
is a hyaline area of pyramidal .'*hape. 

The cerebral lesions consist chiefly of areas of softening, following 
emboli. Occasionally, cerebral hemorrhages from rupture of embolic 
aneurisms of the cerebral vessels have been observed. 

Clinical Features. — The pathological features enumerated, and the 
fact that streptococcus viridans infection is a bacteremia, make it ap- 
parent that the clinical complex varies considerably. The predominant 
clinical feature^i depend upon the toxemia, upon focal embolic insults 
in tlie various organs and viscera, and upon tlie pronouncetl pathological 
changes in tlie hejirt and kidneys. 

The onset of the streptt>coccus viridans affection is usually insid- 
ious ; the only complaint for daj's or weeks preceding the definite 
febrile periml may be slight general malaise or mild anorexia. Some- 
times the initial sjTnptoms resemble tho.se of other febrile invasions: 
rigors, chills, vomiting, and fever between 101° and 103°. Occasionally 
the onset is even more acute, and the daily temperature reaches 104** 
or 105°, with remissions resembling malaria. Such initial sv-mptoms 
u.sually betoken a stfirmy and comparatively short course for the viri- 
duns infection. When the disease is once established, it is usual to have 
a febrile period from one to three weeks, with afebrile intervals of 
about the same duration. Each new Invasion, at its beginning, may be 
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marked by severe chills and h\-perpyre.xia ; temperatures up to 106° 
are nccasionaUy encountered. The clisease may thus continue for 
months untit emholi or exhaustion produce death. 

Fetechue represent one of the most prominent and frequent mani- 
festations. They are probably due to small emboH. On the mucous 
membrane, they may appear as small, isolated refl spots, with pale 
centers surrounded by an area of congestion, and sharply defineil from 
the normal mucous membrane. The favorite site of petechiffi is the 
lower conjunctiva. Here they are characteristtcaUy found at the 
anjjulation of the vessels; the entire sac should be welt exposed by 
pre^^sing back the eyeball. Occasionally, petechise are found, not in 
the lower, but in the upper lid. They are also found upon variou-s parta 
of the oral and even pharyngeal mucous membranes. In one of my 
patients, in whom i)etechiie often appeared in crops on the skin as 
well as on the conjuiietivte and buccal mucous membrane, I found, 
in ad<Iition, a few in the anterior urethra. 

Skill petecbiee resemble those on tlie mucous membrane. They 
are usually small and punctate; occasionally, they become some- 
what larger. Vcr^* rarely, they are surmounted by minute pus- 
tules. Wliile isolatetl peteehi«e are the rute, it is not unusual to have 
them appear in crops over various parts of the botly. Occasionally 
their appearance is attended by severe neuralgic pains in the area 
corresponding to the location of the rash. The cause of such pains is 
not apparent. The petechia are not tender; they usually disappear 
within one week. They sometimes leave small pigmented spots for a few 
days, which must be carefully distinguished from other pigmentations, 
especially freckles. 

In addition to petechiK', other skiti manifestations are not uncommon 
in this infection. Painful erythematous nodules, slightly red and some- 
what tender (Heubner's nodes), may occur in the terminal phalanges, 
especially of the fingers. The norhdes, usually multiple, disappear 
within a few days ; they are probably of emlMilic origin. Pyogenic 
emboli in the deeper dermal arteries may produce skin gangrene or 
necrosis. This occurred in one of my cases and finally resulted in 
sloughing of tlie entire scrotum. Emboli are sometimes scattered 
shower-like through tlie smaller arteries of the extremities, prtducing 
numerous small areas of deep or superficial gangrene, and necrosis in 
fingers and toes. This was well illustrated in a woman aged 50 with 
streptoc<M7Cus viridans an<l a deCTMnpetisated double mitral lesion. 
She de'v eloped gangrenous areas on several digits and toes, and on the 
dorsum of botli hands. She ditnl one week later- 

The hematological examination is of great importance. While a 
mild secondare' anemia with moderate leucocj'tosis and a high poly- 
nuclear count is the rule, anemia may become so marke<i as to over- 
shadow tlie clinical picture, even leading to the erroneous diagnosis of 
non-organic, instead of organic, endocardial murmurs. Occasionally, 
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the blood picture and the hemoglobin percentage so closely resemble 
peruifkiiis anemia that patients have been treated for the latter disease ; 
only at necropsy mis tlie correct diagnosis established. 

Splenic eidargement is quite common ; it may vary from moderate in- 
crcrtsf in size to one reaching several inches below the free border uf the 
ribs. At necwpsy, infarcts of various sizes are almost regularly found 
in this organ. 

Chaoses in tii© Urine. — A trace of albumen and a few casts are 
friHiiirntly found. More ^iignificant, when trace*! to the kidney as 
its siiunv. is xiw presence of a microscopic amount of blood. Rarely, 
mai'r\isn»pic henuituria is present. The streptotmcus viridans can 
ohU* *Hvasionally U> cultun>«l fnim a catheterized urine sjjecimen. 
In Vxix'ptional instances renal signs ami symptoms predominate in 
the vlinii^id pictun\ This iK-currc*! in one of my patients. There 
WHS nnihitcral n*nal coUc juh! bletHiing. .\ blood culture taken at that 
iUiW was sterile, A nephrcctoiiiy was thine ; the aflfected kidney was 
(onntl (witY the uornial size and riddleil with infarcts. The patient 
dini two wevks later. Another bhuKl culture, taken two days before 
dcflth. was |H»sitivc. At iieiTopsy, vld\^dar lesions characteristic of 
Mv|>t<w>>*'«'<''^ \ iridans were found. 

NeiTOUs manifestations are fref|Ut'nt. They depend upon one or 
!(p\ond factor>, all of wliich must I)e etiologically considered, Stujior, 
fur example, may he due to toxemia, hyperpyrexia, meningitis, cerebral 
iiifart't'. or Ut uremia. An instance of the difficulties with which the 
cliolony of \h\s one .syniptom may \>c surrounded is that of a woman 
tifi'ii i'y, itdmittnl to the hospifjil in sctoi-stupor. A double mitral 
ti'sion, nuriculiir hbrillHtidti, and irregular fever were present. The 
liriiH' »hiiw«l Hiicniscopie hematttria and a few renal elements. Two 
bliind tniltiircs w«ti" nc^^iitive. A spinal tap was unsatisfactory. Semi- 
^lupiir linally nu-rgnl itit^* coina and death. Clinically, the sjinptonis 
m'l'inrd due 1o meiiiiiKitif*. At necropsy, a double mitrsil lesion, splenic 
infrirct and the glomerular kidney changes of streptococcus viridans 
were found. Meningitis was not present. Toxemia was the apparent 
I'Hiisf itt Mtu|M»r and <'ottia. The most common cerebral lesions in 
filri'pttiiiinus viridans infi-etions are hemiplegias; monoplegias are 
rarer. Oi-casiiMtidly, parcsfs, not paralyses, occur, to disappear during 
the cour?*c of the disease. Meningitis is usually a terminal event; 
ilii clinical nigns may be tlisgnisii! by toxic symptoms. 

Pntumonic complications arc nrvt often found in chronic streptococcic 
viridann infections. Enterorrhajia from an infarct is occasionally met 
with, Eetinal beniORhairfiS sonictimes occur. 

Cardiac tjnnptonM (prcntrdiul discomfort, decompensation, etc.) are 
not regularly present, and then only late in the infection. Even when 
valviihir \'egi'tati<)n!* are extremely exuberant, decompensation may not 
(M'cur during the entire ifturse of the disease. On the other hand, 
pliyitir'al signs of a valvular lesion are usually frank and unmistakable. 
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This is because of a preexisting valvular lesion, and because the strep- 
tococcus viridans usually prcwiuces abundant valvular vegetations. Oc- 
casionally, when the mural instead of the valvular endocardium is chiefly 
involved, murmurs may be faint and not characteristic. Arrhythmias, 
especially auricular fibrillation and extrasyatules, are not uncommon. 
When found during the active febrile peritKliJ, they are apparently caused 
by endoeardial, rather than by myoeaniial, involvement, for tliey usually 
cease with the disappearance of fever. When present during decora- 
pen.satian, canliae irregularities are probably due to myocardial de- 
generation, or are indicative of myorarflial insufficiency. 

The study of blood cultures is naturally of extreme diagnostic 
importance. \Yhen [irajK^rty nia<le and a sufficient length of time 
(one week) is allowed for the appearance of a growth, the organism has 
been recovered in a great majority of the cases. Sometimes numeroua 
blood cultures are necessary before the organism can l>e isolate<l. 

The clinical course of some cases in which the c»k-cus has not been 
reco\'ere<i during life, and the presence at necropsy of glomerular lesions 
cbaracteristic of streptococcic viridans infections, make it prfibable that 
some cases heal, or at Ica.'^t remain quiescent over a lung period of 
time. The quiescent interval ma\- last several years. These have 
been grouped as l>eing iti the " bacteria free stage" (Libman). The 
following cases are illustrative of this c<mdition : 

Male, aged 21, laad scarlet fever, follow e<i by severe endocarditis 
when 7 yeara old. A double aortic and mitral regurgitant lesion re- 
sulted. For many years there was no decompensation or other sjTnp- 
torn except occasional attiicks t»f hematuria. A few mnnth:> hefore 
death the patient devcl()i>efl chills and fever ; the streptociK-cus viridans 
"was then found in the blorrtl, In the light of oiu* present knowledge 
this case seems tt» belong to the mtegory just described. The intervals 
between the attacks of hematuria probably represent long remissions 
or " bacteria-free stages." 

Male, age<l 40, entered the hospital with fever. He had a mitml 
and an aortic lesion. UIckmI cultures on two occasions showed the strep- 
tococcus \iridans. The fever remainefl high for three weeka, during 
which time the patient was delirious. The temperature then gradually 
became normal. The patient was not seen again for one year. In 
this interval he .said that he had been quite well. He was readmitted 
to tlie hospital with a pneumonia of emlK>lic origin. The physical 
signs of valvular ilisease were the same as upon first admission. Blood 
cultures were negative. The patient made a good rectivery from the 
pneumonia. 

The extent and frequency of bacterial reiaTasiom (i.e. the duration 
of the bactcria-free interval) are at least partly governed by certain 
cliaracteristics of the vegetations. If the latter are covered by a firm, 
partially organized fibrin layer, the bacteria are not as apt to invade 
the blood stream ; while if the fibrin layer ia thin or is so situated that 
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the blood stream impinfjes with full force against It, the bacteria are 
much more likely to be washes] itito the btcjoti current. The amount of 
fibrin ooveriEig the vegetations probably depends upon the virulence 
anH pntteolytif digestive pcfwer of tho in\ !itiing organism. 

Ik'sides symptfjtnatic treatment, therapy consists in the use of 
\-accines, preferably autogenous, and of liorse serum sensitized to 
various strains of the strep tot-occus \'iriihiiis. An occasional cure by 
these methods has been reported. In view of the exceptionally Umg 
remissions, sometimes for years without the use of vaccines, final judg- 
ment regarrling " cures " by serum or vaccine treatment should for the 
present be withheld. In my own cases I have observed no effect U|)on 
the course of the disease from scrum or vaccine therapy ; nor was there 
any evident arrest of the pathological process. This was shown by the 
examinatinn of such hearts at necropsy. For example, in one case in 
whom the iliagnosis of streptococcus viridans infection was establisheii 
by blood culture fcmr days after tlie initial chill, not only did autogenous 
vaccines and sensitized horse serum administered for months have no 
effect upon the symptoms or course of the disease, but the post-mortem 
examination showed exuberant and fresh masses of vegetation literally 
plastering the mitral valves, the left ventricle, and auricle. Unfor- 
tunately, therapy of all kinds, including intravenous injections of silver 
salts (Chapter XVI), must at this time be regarded either as futile or 
as purely in the experimental stage. The wisdom of prophylactic 
vaccination against viridans infection in those cases in whom its later 
occurrence is feared deserves careful consideration. 
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CHAPTER XIV 



CARDIAC SYPHILIS 

As a rare complication in the secondai? stage of sj'philis, it has 
been found, patholtijjicnlly, that the myocardium alone raay be occa^ 
sionally involved. Such invdhements may be sufficient to produce 
sjTaptoms uf mywartlial insufficiency: dyspnoea on exertion, in- 
definite precortlial distress und pain, precfmiiid sensitiveness to pres- 
sure, slight pretibial edema, sometimes also a faint systolic murmur 
at the apex. 

The sjinptoms of cases in the tertiai? stage depend upon the degree, 
extent, and admixture of muscular, valvular, and endocardial involve- 
ment. 

In occasional cases, isolated luetic valvulitis of the initrftl or trieospid 
has been found. In a vast majority of instances, however, the aortic 
valves bear the brunt of the endocardial infection. In a<lditinn to the 
cusps, there is often widespreatl destruction of the aortic walls, finally 
resulting in aneuristn&l diUtatioiia (q.v.) ami in true aneurisms. Ac- 
companying tlie aortitis are changes affecting the myocardium, the re- 
mainder of the endocardium, and the coronaries. Together, they com- 
prise a composite picture often .'similar to that found in non-luetic 
cardio.scIcrosis (Chapter XII). 

In the absence of a liistory of venereal infection or of other signs of 
syphilis, the presence of a strougl\- positive Wassermann blood reat*- 
tion is of paramount importance in the diagnosis of carrliovascuJar 
syphilis. More than one blfjod examination may be necessary, or 
provocative injections of mercury, or small doses of salvarsan may be 
retjuired in order to obtain a positive Wassermann reaction. If the 
bl(Kxl Wassennarui remains negative, the chemical and cj'tologicai 
examination of the spinal fluid may indicate the presence of sj'philis. 
Thus testetl by routine and other methods, the diagnosis of cardiovas- 
cular sj*philis can be substantiated in the great majority of suspected 
eases. 

From the cUnioal standpoint, the characteristic symptomatology and 
signs of tertiai; cardiac syphilis depend mainly upon the presence of 
aortitis alone, or upon it as part of the picture of cardiosclerosis. In 

im 
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the exceptional instances in which the myocartlium alone is affected, 
the diagnosis rests upon the usual manifestations of severe myocartlitis. 
The possibility of gummata in the myocardium must also be considered. 
They aild to the probability of the occurrence of a myomalacetms fctcus, 
or, wlien involving the c<:>nduction system, upon the presence of heart 
block. 

Aneurism-il Dilatations of the Aobta 

A centurj* ago Hodpson made the fundamental distinction between 
sacculated and " dilatation aneurisms." He defined the latter as a 
"preternatural permanent enlargement of the cavity of an arterj'." 
The former is a definite protrusion of only one side of its wall and may 
include a small or large part of the arterial caliber. This distinction 
is of clinical importance in atirtic disease. The French still apply the 
term " Maladie de Hodgson " to aneurismal dilatations of the aorta 
associated with vah-ular insufficiency. Aortitis of the asceraling and 
transverse aorta is now known to be of luetic origin in the great 
majority of instances. The pathology and mechanism of aneuris- 
mal dilatations of these parts of the aorta have been described in detail 
by Thoma, who had atudieil ninety-two cases. He ascribes their fun- 
damental cause to lessenefl resistance of the arterial walls, and categor- 
ically states that " such weakenecl conclitlon is not found in the descend- 
ing thoracic aorta," which showed no change macroscopically. The 
pathological process in dilatations of the first and second parts of the 
aorta consists of a mesa«>rtitis, with perivascular infiltrations of the 
vasa-vasorum, small-celled or granulomatous infiltration in areas of 
tlie media, and splitting and destruction of the muscular and elastic 
tissue layers. Diffuse dilatation of the entire thoracic aorta from its 
root to the diaphragm is occasionally seen. I have observed three 
such cases : one was an autopsy finding and included severe myocarditis 
and c^jronary sclerosis, the other tw o were diagnosed by physical signs 
in conjimction with fluoroscopy. 

The orthodiascopic picture nf dilatation of the first portion and arch 
of tlie aorta has already been described {Chapter IX). On auscultation 
the normal first sound at the right base is accompaniefl or replaced by 
a soft blowing murmur, usually not transmitted beyond the first and 
second right interspaces. Occajiionally the first sound is faint or absent. 
The second sound is accentuated, of varying quality, and is best de- 
scribed as l)ell-like, metallic, or tinny ; it is often followetl by a sjjft 
diastolic murmur, indicative of aortic insufficiency. The acrentmited 
and metallic quality of the second sound is not alwaj's due to extreme 
hypertension, for it is frequently present witli normal or very slightly 
raised systolic blood pressure. The factor most responsible for this 
abnormal second sound is, I believe, the aortic dilatation acting acoua- 
tically as a sounding box in reflecting and thus changing the character 
of the sound. 
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In marked aneunsmal dilatation, especiaUy of the arch the aorta, 
there Is often visible aortic pulsation in the jugulum. When not \'isible, 
it may lie felt by ia<>iniiating the finger behind the manubrium sterni. 
In cases of aneurismal dilatation of the first part of the aorta, there may 
be OKire markerl riidit than left carotid pulsation, a fact determined by 
pbunnj; the finger deeply behind the respective clavicles. At the apex, 
there is frw4uently a stuft systolic murmur, probably due to relative 
mitral iasufficienci.', or there may be a loud murmur due to thickening 
of the mitral tMspa and mural endocardium. If the aneunsmal dilata- 
tion Is accompanierl by left ventricular hxpertrophy and by h^-perten- 
sion, there may aim be a rerluplicated apical impulse or a somewhat 
acr«ntuatefi first sound at the apex, as well as a slightly metallic second 
south] . 

Reports of ar>rtitis are almost entirely confined to disease of the 
a!W.-enrling or traasverse ar^rta with fragmentary* or no reference to the 
des^'cmHnjr thoradc. Mc<Jrae, Allbutt, Osier, and others consider 
aneurismal dilatation of the descending thoracic aorta extremely in- 
frequent, a statement apparently based upon post-mortem findings, for 
no sympt/>matology is mentioned nor had a clinical diagnosis been 
ma^le. My object is tx) indicate through illustrative cases the com- 
parative frecjucfKy, diagnfisis, sjTnptomatologj', and therapy of aneu- 
rismal dilatations of the descending thonde aorta and to present its 
claim to a clinical entity. 

Male, age sixty-seven, hacl never been seriously ill previous to his 
present complaint. lie had been a heavy smoker and had suffered from 
a venereal infection forty years ago, for which he had received many 
sul>cutaneous injectioas (presumably of mercurj'). His present illness 
began two years ago with exceedingly mild s\7nptoms : very slight pre- 
cordial paias when lying on the left side, and slight dyspnoea upon 
climbing stairs. I'pon examination, the patient looked well preser\'ed, 
the carotid pulsation on both sides was somewhat exaggerated, there 
was a iM'lt of small <lilated capillaries over the lower part of the chest. 
Tlic cardiac thrust at the ap>ex and the systolic impact at the right base 
were somewhat exaggerated. The cardiac area seemed normal to per- 
cussion. At the base there was a double murmur, a rough systolic and 
a softer diastolic, transmittccl and best heard to the left of the middle 
third of the sternum ; a definite sensation of heaving impulse was im- 
parted to the examining hand placed over the same area. Similar but 
fainter murmurs were heard at the apex. Both radial pulses were alike : 
the average systolic bhKKl pressure was 170 mm., the diastolic, 70. 
Neurological un<l other examination revealed no abnormalities. There 
was slight pretihial wlema. The Wassermann reaction was negative. 
The roentgenogram (Fig. 233,' Plate XIX) and orthodiascopic tracing 
(Fig. 232) showed a long fusiform rlilatation of the entire descend- 
ing thoracic aorta. The electrocardiogram presented evidence of left 
ventricular preponderance, i.e. negative R III. Treatment consisted 
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of one aalvarsan and many merrurial injections ; iodide of potash in 
moderate doses was atlministereci in alternate periods of two weeks. 
Tincture of digitalis was given fi»r one week until the edema of the 
legs disappeared. The patient has hccn uncJcr observation for several 
years ; he has been quite comfortable, with no pains for more than one 
year ; the physical signs along the middle third of the sterniun have 
markedly receded. 

Female, ape forty-seven \ears, married sixteen j-ears, had ne\er 
been pregnant. Prior to the present illness she complained of dyspnoea 
on exertion, and of nocturnal pal|)itation accompanied by pain in the 
lower preconlium. She lost about forty ijounds since her illness began. 
One week before admission to the hospital her legs became edematous. 
The patient was emaciated, the right pupil was somewhat larger than 
the left, both reacted sluggishly to light but normally in accommotJa- 
tion ; the knee reflexes were diniinished ; Romberg's sign was absent. 
The patient was d.vspnopic even when at rest. There was vigorous, 
visible carotid and jugular pulsation ; the aortic thrust could be plainly 
felt by pressing the finger tip behind the manubrium. By placing the 
eye on a level with the patient's chest, two distinct areas of impact were 
discernible; one corres])onding to the apical region, the other to an 
area slightly to the left of the h>wer half of the sternum. The latter 
impact was also palpable by sinking the fingers in the lower left inter- 
costal spaces, and also by ausi-ultating with the stetho-scope over this 
area in the routine manner. There was no precordial tenderness. The 
apex was felt most distinctly in the sixth interspace, a considerable 
distance (14 cm.) from the midsternal line. Over the base, and par- 
ticularly to the left of the midsternum, there was a rough systolic mur- 
mur and a somewhat accentuated second sound merging into a soft 
miu-mur occupying the entire dia.stole. Friction sounds indicative of 
dry pericarditis were present at the base and apex. There was slight 
eilema of the legs. The Wassermann reaction was negative upon first 
examination; some months later it became positive. ITie systolic blood 
pressure ranged between 2(X> and ISO mm., the diastolic between 100 
and 40 mm. ; the prcssm-e in b«th arteries was equal. The urine was 
normal. The roentgenogram (Fig. 234, Plate XX) showed fusiform 
aneurismal dilatation of the entire descending thoracic aorta ; ortho- 
diascopic examination corrolwrated this finding. The electrocardiogram 
prcsentetl e%'idence of left ventricular prepftnderance. The patient 
refused treatment ; she has since reentered the hospital, with signs of 
severe canhae failure. She subsequently received iodide of potash 
and mercurial injections, with marked improvement. 

Male, age fifty-three years, laborer, marrie<l. Venereal infection 
denied. Three and one half years ago substernal pains and (K spncea 
U|)on walking apf>eared. One year ago he was compelled to stop work 
because of the frequency and severity of these attacks. The pains 
Uijually radiatetl to both sides of the chest, the shoiUdera, and right side 
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of the head. During the last few months he had frequent pharjugeal 
spasms upon attempting to swallow fluids, so that there was uceasional 
regurgitation through the nose. There were no gastric sjTnptoms. 
The patient looke<l florid and well nourished ; there was no dyspnoea 
when at rest. I'pou atJmission to the hospital the right radial pulse 
was much smaller than the left ; there were no abnormal carotid or jugular 
pulijations. The ajiex beat was best heartl in the fifth interspace, 7 
cm. from the midsternal line. On ausevdtation the first sound at tlve 
apex was scareelii' audible ; the second was normal. The first sound at 
the right base could not be heartl ; the second aortic was normal. Both 
were distinctly heard to the left of tlie midtlle third of the sternum, the 
first sound there being normal in intensity, the second somewhat ac- 
centuated. There was no edema of the legs. Examination of the 
otiier organs revealed nothing abnormal. The Wassermann test was 
negative. An interesting phenomenon was the fact that intermittently 
for several weeks the right radial was smaller than the left, the differ- 
ence sometimes amounting to W mm, of mcrciu-y in the systolic brachial 
pressures. These inequalities had no relation to the sjinptoms. The 
roentgenograro showetl a distinct, wimewhat tubular shadow behind the 
hvpertrophied left ventricle. With the orthtHlia-scttpe the shadow of 
the dilated descending aorta could be faintly seen through the upper 
ventricular shatlow. The electn^cardiogram presented the usual evidence 
of left ventricular preponderance. The patient was given three in- 
jections of salvarsan intravenously, and numerouii mercurial injections 
in oimblnation with itxiide of potash. The pains and pharyngeal spasms 
gradually aubsidetl ; the pulse inetiualities became only occasionally 
noticeable and finally disappeared. The abnormal physical signs to 
the left of the sternum markedly receded. The patient returned to 
work ; his present complaint consists in slight occasional substernal pain 
on walking. 

Male, age thirty-eight years, a vigorou-s and hcalthy-lnoking man, 
complained during the last six montlis of slight dyspnoea upon climbing 
stairs, but none when at rest. He was a heavy cigar smoker. He had 
gr>norrhea twenty years ago and denied any other illness. The blood 
pressure was normal. There was vigorous carotid pulsation at the root 
of the neck. There was no pain on precordial pressure. The apex l>eat 
was strong, and wsks felt most plainly in the fourth interspace, 1 1 cm. 
from the midsternal line. A soft systolic murmur was heard at the apex. 
At the base the first sound was impure, the second not accentuated but 
prolonged and somewhat liquid in character occupying the entire 
dia.stole. These abnormal sounds were heard loudest and most dis- 
tinctly along the middle left sternal bonier. The eye placed on the 
level with the chest could discern a slight systolic heave over the tatter 
area, apparently distinct from that at the apex. The other organs were 
nonnal. The Wa.ssermann reaction was negative. The roentgeno- 
gram showed dilatation of the upper part of the thoracic aorta, the latter 
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being ^-isible as a somewhat denser shadow behind the ventricles. The 
orthodiascope confirmed this. The electrocardiogram was normal. 
The patient was given salvarsan, .3 gm. intravenously, and many bi- 
chloride injections ct>mhined with iodide of potash. The dyspnoea has 
entirely disixppeareiJ ; the atmuniial sounds at the base and left sternum 
are much less pronounced than at the first examination. 

Mule, age fifty-three, entereil the hospital in tlie surgical service of 
a colleague and did not come under the WTiter's observation. The his- 
tory was that of an esophageal stricture situated in tlie mid-thoracic 
region- The aneurismal dilatation was fliscovere<l in making a routine 
roentgenograph ic examination of the chest. The stricture was pre- 
sumed to be due to compression by the dilated aorta. The Wasser- 
mann test was not done. The patient passe*! from observation. The 
case is includefl here because the roentgenogram is tj^iical of aneurismal 
dilatation of the descending aorta. 

Symptomatology. — Sharp, continuous, gnawing pains, such as those 
often associateil with sacculatetl aneurism, are not pmmiaent features 
of dilatation of the descending aorta. Whtn present, substernal pains 
or those referre<l U> different parts of the chest, neck, or head are most 
apt to occur with exercise. It \s difficult to state tlie exact etiologj' of 
these pains. They are probably not due to pressure of the dilated aorta 
upon the surrounding structures (eat^phagus, ribs, dorsal vertebra, inter- 
costal nerves, etc.). In one case pain may have been due to esophageal 
stricture rather than to aortal pressure. In general, tlie elongated con- 
tour of the aneurismal dilatation would in itself argue against pressure 
upon, or erosion of, surrounding tissues. The rich ner\'e and ganglionic 
plexus surrounding the root of the aorta, and the nerve fibers and iso- 
lated nerve cells which have l>een described in tlie connective tissue 
of its middle coat, may explain how \ arious grades of iriHammation in 
the aorta and how differences of aortid pressure and dilatation can give 
rise to these referred pains. In addition, periaortitic inflammation with 
possible involvement of tlie neighboring nerve structures can also cause 
neuralgic symptoms. Similar nerxe involvement has been found in 
dilatations of the ascending aorta and arch. The assumption of inflam- 
matorj^ exacerbations within or without the aorta is corroborated by 
the occasional rapid subsidence of the pains following sjilvarsan in- 
jections. This result is probably ascribable to aintrol of these exacer- 
bations, although Vaquez and l4iubr>\ and Vaquez and Bordet claim 
that there is sometimes a refluction in the size of sacculateil aneurisms 
after several salvarsan injections- The WTiter has not Ijeen able to 
determine any difference in the size of the dilated descending aorta as 
the result of therapy. In addition to the aortal disease it must be 
remembered that accompanying coronary s<*lerosis and myocarditis can 
also produce cardiac paitis. 

Another group of symptoms is that due to cardiac decompensatioa. 
This is not necessarily & marked clinical feature; in fact, in three of 
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the cases it consisted only of slight dyspnoea ufmn exotion. Its pres- 
ence seems due to accoinpan\iiig cardiovascular disease rather than to 
the aortic dilatation itself. Edema b usually slight and confined to 
the 1^ ; it is extreme only in neglected cases or late in the disease. 
iH'spncea is of the usual cardiac type ; it is generally most marked on 
exertion ; it is continuous in the severe cases with cardiac failure. Left 
ventricular hj-pertrophy of varjing d^rees is usually present. The heart 
is occasionally tremendously hypertrophied before cardiac failure sets in. 

Diacnosis. — The diagnostic criteria of aneurismal dilatation of the 
arch and ueendmc aorta have frequently been emphasized, particu- 
larly the rough sysUjIic murmur and the accentuated, ringing second 
sfjund at the right base. In dilatation of the deseendini; aorta abnormal 
sounds in t\7>ical instances are best heard at the left sternal border 
at its middlw third, or from the third left intercostal space to the ensi- 
form. This is approximately the site of the projected dilatation upon 
the chest wall. The area of propagation of the murmurs is somewhat 
similar to that (xrcasionally found in vahiilar aortic regurgitation. 
The signs outlinerl — the impact area, the rough first and accentuated 
or liquid second sounds — will usually ser\'e as differential guides. 
There is in arldition, in the aneurisimal dilatation described, a rough 
systfilic murmur over the dilated aortal area. The second sound has a 
liquid rather than an accentuated tone, and is prolonged through the 
entire diastole or is followed by a diastolic murmur of var>'ing intensity. 
Although this double murmur is the rule, the only auscultatoi^* dif- 
ference may Ix* a slightly impiue first and a somewhat accentuated 
set-ond sound. By placing the eye upon a level with the patient's chest 
a distinct heaving area distinguishable from that at the apex, and oc- 
cupying the lower left sternal intercostal spaces, can often be detected. 
A sensation of impact is also given to the bell of the stethoscope when, 
during the usual clinical examination, it is placed over this area. This 
impact sensation is particularly well detected by snugly pressing two or 
three fingers in the left middle interspaces near the sternum. Occa- 
sionally a systolic thrill is also palpable. All these signs are made more 
evident by having the patient hold his breath at the end of expiration. 
In ad<lition an interval in the time of thrust between the apical and 
left inter«)stal area is sometimes noted by placing one finger over the 
apex and another over the left sternal border. Since, however, this 
interval, physiologically, comprises .07 second, it may be impossible to 
distinguish it by palpation. Another method for detecting this dif- 
ference is the ust; of a differential stethoscope, i.e. an ordinarj' pair of 
ear tuln's arranged with two bells, one over the apex and the other over 
the dilattnl aorta. WTien the miumurs are not too loud, the difference 
in time impact can thus be determined. The writer has also attempted 
to establish this <lifference by placing two receiving cups of a polygraph 
over these areas and noting the time of arrival of the thrusts by the writ- 
ing pens upon the polygraphic paper, but the results were inconclusive. 
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DMerential Diagnosis. — It is important to distinguish the aortic 
impacts to the left the sternum from those found in patients with 
marked left ventrieular hypertrophy or in healthy individuals with 
0%'eractiiig hearts ami thin chest walls. However, the auscultatory 
signs above described are then absent. Although there arc many re- 
finements of percussion meth*>ds used in the attempt to ilehcately out- 
line the dUated nrch and ascending aorta (for example, threshold and 
aiiscultatorj' percussion, Chapter X) their value in dilatation of the 
descending aorta seems exceedingly problematical, because the aorta is 
deep seated and most of the enlarged area is situated behind the ven- 
tricles. An examination of the pttsterior chest %vall also fails to reveal 
any difference from the normal physical signs. In three of my cases 
in whom a correct tentative diagnosis was made before fluoroscopy, 
all methods of percussion failed to reveal any enlargement of the 
descending aorta. To clinch tlie diagnoses, examinations by means of 
the fluoroscope or roentgenograms are essential. As in examination 
for susjiected disease of other portions of tlie aorta, the patient should 
be fluoroscoped in several lateral positions. Fluoroscopy must he 
practice<l carefully in order to reveal and distinguish the darker 
silliouette of the dilated descending aorta behind the left ventricle. 
Roentgen-ray plates must also be carefully scrutinized for the same 
reason. It is important in this c-onnection to again indicate the 
differences in shadow areas between orthodiascopie fluoroscopy and 
roentgenograms of the heart and anrta. It ha's been ray experience 
that the forraer produces very little distortion in the size of the cardiac 
and aortal areas, because the X-ray tube and screen move together 
and thus approximately parallel rays reach the observer. In the 
roentgenogram, in which the rays are always divergent, tliere is an 
increased cardiac shadow. Comparis«ins between the orthodiascopie 
tracings and roentgenograms in my series of cases occasionally showed 
marker! discrepancies in the size of the tlilatetJ anrta and heart. 

Therapy. — Treatment may be conveniently divided into three 
parts: that of the underlying disease, of the decompensation, and of 
the pains. The majority of cases of aortic disease are known to be of 
luetic origin, the Wasscrmann reaction being positive in most instances. 
Salvarsan was originally considered contraindtcatal by Ehrlich in 
cardiac lues because of the fear of overwhelming the system with spiro- 
chetes (Ilerxheimer reaction) ; but experience has shown that the drug 
jMdiciou.sIy administereil is definitely indicaterl in this disease. Three 
of tile cases here reporte<i were thus treated with excellent resiilts. 
The best routine procetlure is the intravenous injection of .2 gm, of 
salvarsan every week until three doses have been given ; then, if indi- 
cated, it may be repeated in .6 gm. dos^ a month or two apart. In 
the interim, intramuscular injections of mercury about twice weekly 
should be given in conjunction with iodide of potash. If the luetic 
changes iu the aorta are such that calcification and scar^tissue formation 
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are extensive and the myocardium is the seat of advanced disease, the 
treatment can naturally be of little or no avail. The degree and extent 
of such pathological changes cannot be diagnosed accurately enough 
by our present methods, although Vaquez and Borrlet claim to have 
observed with the fluoroscope calcified areas in the ascending and 
transverse aorta, and the diminution of these areas after salvarsan in- 
jections. Since tlie treatment outlined is often efficacious and is fol- 
lowed by marketl improvement, I Iwlieve it should he carried out in all 
cases unless the patient is in crtremif. E\'en if the Wassermann re- 
action is negative, the same therapy should be instituted, because syph- 
ilis is the preponderatingly etiological factor of extensive aortitis, and 
because in any case salvar.san is not followed by serious results, Be^ 
sides, a Wassermann reaction which upon the first examination is 
negative may later lieconie positive even though no provocative in- 
jections had been given ; this happened in one of my cases. 

Cardiac failure accompanying tlilatation of the descending aorta re- 
quires the same treatment as that from any other cause. A reliable 
preparation of digitalis should be given. I prefer the tincture ad- 
ministered undiluted in 15-drop doses three times daily. If the case is 
urgent and very little or no digitalis had previously been given, 1 cc. 
of a 1 per cent solution of strophanthin can be slowly injected intra- 
venously. The objection that digitalis in therapeutic <loses raises hl<K!d 
pressure has been sufficiently disjirovetl by recent careful investigations 
(Chapter XVI), Digitalis had no effect upon the blooil pressure in 
any of my cases; the pressure was as often lowered as raised during 
its administration. Symptomatic treatment of the pains occasionally 
requires codein or morphine, but tliey are frequently relic\'ed by the 
antiluetic treatment which acts by controlling the inflanmiatory ex- 
acerbations of aortitis and periaortitis. 

Prognosis. — Dilatation of tlie descending thoracic aorta is fre- 
quently overlookeil ; in fact, except in the course of a routine roentgcii- 
ray examination of the chest, its diagnosis by orflinary clinical methods 
has, to my knowledge, never previously hween made. If the patient 
seeks advice before severe decompensation sets tn^ and if then the 
condition is correctly diagnose*! and vigorous antiluetic treatment 
instituted, tlie patient may live in comparati\ e comfort, for the aortal 
disease is an index of the general car<liovascular mischief rather than in 
itself the cause of cardiac failure. Of the three patients with slight 
symptoms wIto have been under observation for one year or more, two 
are clinically well and one much improved. 

Cure, in the sense of a return of the aorta to its normal state, is im- 
possible; but, as in other organs the luetic disease can be arrested and 
controlled, so the heart and aorta, although somewhat crippled, may be 
sufficiently restored to make the patient comfortable. Rupture of the 
dilated ascending and transverse aorta is extremely infrequent. l*n- 
less the luetic disease h confined to a small area, this accident seems 
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less likely to occur in the descending aorta because of its greater length 
and because the dilatation occupies h larger area. 

Because of its importance I shall sununarue the clinical complex of 
aneurismal dilatation of the desfetiding aorta as I have observed it. 
The Wassermaiin test was done in four of the five cases. It was posi- 
tive in two and negative in two. One of the latter gave a definite his- 
tory of luetic infection. Three cases had slight sjinptoms when treats 
ment was begun; these were clinically cured. One, with severe heart 
failure, was much improved. In three the mrrett diagnosis was made 
by the presence of an impact area to the left of the sternum at its mid- 
dle third, and by prominent Im-alization of the murmurs over this area. 
Electrocartliograms were taken in four cases ; tliree showed complexes 
of left ventricular preponderance, the fourth was normal. The physical 
signs of all the cases were most marked when the s\ mptoms — d,vspnoea, 
pain, or canllac failure — were present ; the signs became less ivith 
improvement. 

In conclusion it may l>e staterl that aneurismal dilatation may be 
confined to the descending thoracic aorta alone; !t may then occasion 
sufficiently definite physical signs to leatl to its tentative diagnosis by 
the onlinary methods of clinical examination. The physical signs are 
most prominent to the left of the sternum at its middle third. Roent- 
gen-ray investigation is indispensable for a positi\'e diagnosis. The 
sjTnptoms are often very slight. The disease may run a mild course, 
lasting many years. Intensive antiluetic treatment — salvarsan, mer- 
curyj and iodide of potash — is indicated in every case. 
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CHAPTER XV 



SYMPTOMATOLOGY, PHYSICAL SIGNS, DUGNOSIS AND 
PROGNOSIS OF MYOCARDITIS AND OF CARDIOSCLE- 
ROSIS 

From a description of the pathological changes found in myocftrdltis 
(Chapter XII), it becomes apparent that the symptomatology nnist lie 
a varied one, and, to a great extent, must depend upon the type and 
extent of the pathological pntcess. 

It is important to remember that the diagnosis of myocarditis, 
when present alone, is often extremely difficult or even impossible. 
Often, the diagnosis must be made from the symptoms of myocardial 
insufficiency. Myocanlitis rarely exists as an isolated pathological 
lesion. It is usually combined to a varying degree with the patho- 
logical ensemble characteristic of cardiosclerosb, the physical signs of 
which are much more definite and more readily recognizable than those 
of myocarditis alone. 

The physical signs of myocarditis as an isolated entity may be limited 
to some eviilence of enlargement of the heart, or, in advanced eases, 
of severe degeneration, to weakness of the first sound at the base 
and apex, and to weakness or entire absence of the second sound, es- 
pecially at the base. From the physical examination alone it may not 
be possible to venture more than a guess as txj the extent, or even the 
presence, of any myocardial damage. When considered, however, 
in conjunction with such other data, as furnishetl by the etiological 
factor, the size of the heart, ttie condition of the palpable arteries, the 
absence of valvular tlisease, the presence of mufflwl and indistinct cardiac 
sounds, moderate tachycanliit with dyspnoea, the subjective and ob- 
jective phenomena imlicative of inyocardial insufficiency, it may be 
possible to state, with a fair amount of accuracy, the extent of myo' 
cardial mischief. It is clear, then, that the diagnosis must often be 
established inferentlally and by exclusion. 

With reference to cardiosclerosis, if the morbid process is at all 
advanced, it is readily diagnosed from the physical signs. Prominent 
among these are the signs of aortitis. If the latter is accompanied 
by simple or nnciirismal dilatation of the arch of the aorta, one often 
finds, un inspection, a bmad expansile rise of the tissues in the supra* 
stertial notch, due to the vigorous overaction and enlargement of the 

IM 
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arch. In atlvanced cases of arteriosclerosis the carotid arteries may be 
tortuous iiDtl thickene<i and may pulsate verj' vigorously and with an 
accentuated thrust. If the first part of the aorta is especially invoh^ed in 
the degenerative process, the carotid phenomenon may be more marked 
on the right than on the left side. In a tliin-chested individual, with 
the patient lying prone, and with the eye of the observer on a level 
with the patient's chest, it is sometimes possible to see the tissues over 
the right second interspace pulsate in simple or aneurismal dilatation 
of the aorta. The fluoroscopic and orthodiascopic aspects of these 
lesions (Chapter IX), and the difficulty of mapping out the aortal 
limits by physical examination (Chapter X), have already been described. 

Corresponding to the physical signs discovered by inspection, on 
palpation there is a marked thrust felt by lightly insinuating the Bnger 
behind the sternum; a similar thrust may be found over the carotids. 
Systolic expaniiion over the right base may likewise be felt by snugly 
applying the fingers laid flatly in the second and third right interspaces 
near the sternum. 

The auscultatory sigjis of tj-pical aortitis are characteristic and 
readily rccognizctl, Tlie first sound is rough and harsh ; the second, 
accentuated, and, in some instances, metallic and tinny in character. 
The latter has usually been interpreted as tluc to hypertension, 
a frequent accompaniment of aortitis. It is fairly frequent, however, 
when hyperteixsion is not present. Acoustically, it seems probable 
that the metallic tone is at least partly due to dilatation of the aorta, 
m already described (Chapter XIV). The roughenetl and harsh first 
sound is occasionally heanl by placing the stethoscope in the jnpuluni 
over the pulsating arch ; this phenomenon depends partly upon the 
extent of aortic enlargement and partly upon the height of the aortic 
arch. The murmur is sometimes propagated along tlie carotids. Fol- 
lowing the second sound, a diaatolic murmur of varying duration and 
intensity may be heard over the right base. It is usually transmitted 
downwards along the right sternal bttrder ; it is on rare occasions heard 
best over the third left interspace and along the left sternal border. 

Although the physical signs above described are characteristic and 
tj*pical of aortitis, there is scarcely a canliac lesion \\ hich produces 
more varied or atypical auscultatory phenomena. For e.vample, the 
sounds may be perfectly normal at the right base, the first or second 
S4iunds or boUi may be extremely faint or entirely absent. Upon what 
changes in the aorta such diifercnces depend it is at this time impossible 
to state. 

The sounds that are heanl at the apex are rarely significant in the 
diagnosis of aortitis. They apparently vary with the state of efficiency 
of the circulation, and, to a lesser extent, with the state of hypertension. 
For example, the first sound may be unclear and mufRed, or entirety 
absent. Occasionally, in cases of hj'pertension, witli or without left 
ventricular hypertrophy, the second sound at the apex takes on char- 
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meUrk&A ttmilftr to th^t at the right base. i.^. h btc o mo in 
tone. In eciojunctkHi with a weak or ab^^nt first sound, the cardiae 
impact may be weak or scarcely palpable. One instance cbaiactaistic 
of these finding I was abk ta peovie at DecTops>-. The patient com-' 
piaioed ot severe epigastric pains, especially on walking. Hie cardiac 
CKUnkiation showed a muffied first aound over the right base and a 
aear ce ly pert-eptibie first sound at the apex. Potygiapluc tracings 
showed heart block. The orthodlascoptc tracing showed eoIaiganeDt 
of the first port and arch of the aorta, and an enlarged left v^ttride. 
The fntient died suddenly- At uecropsj-, there was diffuse dilatation 
and thickening of the aorta from its root to, and indnding, the upper 
abdominal aorta ; spirochetes were isolated from the aortal wall. Hiere 
was moderate left ventricular b>'pertropby ; the myocardium was riddled 
with scar ti.ssue. 

While physical signs like those I have described are suggestive of 
nyocarditi^s and aortitis, these lesion^ can be present and yet sounds 
■t the apcK and base be perfectly normal. A faint s\"stolic murmur 
may aocr^mpany the first sound ; this, however, posesses no diagnostic 
value, fur »uch impurities are by do means rare in normal hearts. Of 
much more significance is the presence of a loud and rouj^ s-ystolic 
murmur hrar'! mr^^t prominently at the apex, and sometimes trans- 
mitted t'j the left. These murmurs are probably caused by fibrous 
or calcarerjujt valvidar thickening (Chapter XII) with consequent 
mitral regur(^itation (Chapter X). In old indivnduab with marked setiile 
arterlfwclerosis and widespread aortic and %''ahTjlar changes — a 
canii()Vu.>«r'ular condition alst> found occasionally in the adult — there 
18 sometimes heard a ver>' loud, rough, systolic murmur over the entire 
auU-Tutr part of the chest ; this murmur is transmitted to the left, and 
may even be heard posteriorly between the spines of the scapulee. In 
its harshness, loudness, and area of transmission, it is extremely sug- 
gestive iif aneurism ; however, a diastolic murmur is rarely encountered 
and the roentgenograms of the cases that I have stutlied have not regu- 
larly shown abnormal aortic enlargement. This loud systolic mur- 
mur h iippureiitly the result of the wialescence of two components : an 
aortic systolic and a mitral regurgitant murmur. The aortic factor is 
either athemmatous change in the aortic flaps producing stenosis, or 
tlic impact nf the blriocl stream over the roughened sclerotic aortal wall ; 
lioth caiLscs sometimes operate tt>gether to produce this aortic eom- 
p«»nent. The mitral component of the murmur is due to sclerotic 
changes in the mitral cusps. The intensity of the combined murmur 
seems Uf (lejM'tul upon the state of myocardial efficiency. 1 have found 
it I'xecptiotially Iiiuil only in those who were ctimpensated, or in whom 
therer was but slight curdiae fiiiiure. On the other hand, this murmur 
may Im» iibwnt in those who clinically or at necropsy show advanced 
ranliosc'lcrotic c hanges. Such an instance is the following : 

A robust man of 44 complained chiefly of substernal pains upon 
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sliffht exertJon. Tlit-re were occasidtial attacks of nocturnal dyspnoea. 
The only abnormality upon auscultation was slight muffling of all the 
canhac sounds. Several Wassermann blood tests were negative. The 
patient finally died of myocardial insufficiency. At necropsy, incrusted 
calcareous deposits were fouml ou all the valves. The coronaries were 
thit kened and impermeable, the aortal arch was markedly atheromatous, 
the myocanitum contained many fibrous putches. As already suggested, 
the absence of loud, harsh murmurs in this case was probably due to 
failing circulation. 

An extretnely valuable hint regarding the degree of cardiosclerotic 
change is sometimes given by the presence of pericardial adhesions. 
These are found most frequently over the right base or in the apical 
region. Supierfioial creaking sounds or pericardial rubs are then heard 
at the end of long inspiration, or accompanying caniiac systole. The 
importance of diagnosing these oltl localized adhesions lies not so much 
in the facl that they add embarrassment to the circulation, but because 
tliey are found only when the cardiosclerotic changes are ver>" advanced. 

Thus far, most stress in the diagnosis of cartlioaderosis has been 
laid upon tlie auscultatory signs. Other im|X)rtant diagnostic data 
may be gained by examination for ventricular hypertrophy, hyperten- 
sion, and palpable and audible retluplicated first sounds at the apex. 
The significance and bearing of all these phenomena are more fully 
described m their appropriate connections. 

Symptomatology of Cardiosclerosis. — As the morphologj^ of car- 
diosclerosis is a varied one, so its symptomatology^ depends upjon the 
factor that is clinically preriominant. It is evident that it is often im- 
possible to group these patients into one class, for Uie sjTnptoms pro- 
duced by the various underlying pathological changes overlap. It 
has already been p<.iinted out, for example, that arteriolar and capillary 
fibrosis may be a generalized pathological process, or may attack in- 
dividually tlie arterial system of tlie heart, the kidneys, or the brain. 
In such t\'pes, Uie symptoms are respectively predominantly cardiac, 
renal, or cerebral. We shall here concern ourselves only with those 
individuals in whom the caj-diac sj-mptoms form the chief complaint. 
As with other cardiac patients, the earliest subjective symptom is usually 
dv'spnoea. Its onset b gradual and evident at first only after seyere 
exertion. Later, the dyspnoea occurs upon slight exertion. It is fre- 
quently associated with a sense of weight or oppression on the chest, 
at first transient, ami later constant. These sensations must be dif- 
ferGntiatetl from the precordial pain and flistress (Chapter XXI) from 
which such patients, also suffer. I'reeordial pains may be slight and 
localized, or severe and radiate to the left axilla and arm, to the neck, 
interscapular region, or occasionally to the right arm. At first the pains 
occur after exertion; later, they may appear in attacks which rouse 
the patient from a sound sleep. Slight hemoptyses occurring after 
exertion sometimea antedate the subjective s^^Tiiptoms for months or 
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even years. An enlarged, congested liver, smooth and globular in out- 
VmCf is another objective symptom which may be found before the 
patient complains of dyspnoea. It b not uncommon to feel the edge 
of the liver several inches below the free border of the ribs. Epigastric 
sensitiveness to pressure is fairly frequent. It is found even when the 
liver is not enlarged. The cause is usually assumed to be congestion 
of the gastric mucous membrane ; in another connection, I have pointed 
out that it is probably of reflex origin, the s«UTce primarily being excita- 
tion of the cartliac nerves. 

Pulmonary examination often reveals crepitant rfiJes at both bases. 
Their presence is prognostically suggestive of subsequent attacks of 
pulmonarj' ederaa. The latter may be mild and recur frequently, or 
a very severe attack may suddenly take place after unasual exertion or 
excitement. Hydrothorax, usually riglit-side<J, may also be present. 
EMema of the legs is, at the outlet, only slight, and is usually present 
after the patient has been up and about, unless the process is far ad- 
vanced and has not responded to therapy. 

The types of arrhythmias encountered in cardiosclerosis are of some 
clinical significance. Those found in senile cases will be discussed later. 
WTien decompensation is not far advanced, the pulse is regular. Ex- 
trasystoles usually represent the first t>i>e of arrhythmia to appear ; 
they are mostly of the ventricular v ariety- The next most frequent 
tjpe is auricular fibrillation. Heart block is usually found only in 
advanceit cases. In isolated instances, attacks of paroxysmal tachy- 
cardia alone, or alternating with auricular fil>rillation, are found. In 
one case, for example, a man of 54 with moderate hj'pertension, mild 
cardiosclerosis, and slight precordial pain, there was an attack of par- 
oxysmal tachycardia lasting one week ; thereafter the patient felt well 
for several months. He then develope<l auricular fibrillation, again 
accompanied by onlj- slight preconlial discomfort. Tlus attack lasted 
four days. The patient was feeling quite comfortable, and his condi- 
tion was apparently progressing favorably. While sitting in a chair the 
patient suddenly died. In neither attack was dyspncea severe or a 
prominent symptom. In some patients the cardiac irregularities change 
suddenly, and apparently' capriciously, from one type to another, es- 
pecially from extrasystoles to auricular fibrillation, or vice versa. An 
example has just been quoted. Such variability I have found of ominous 
prognostic import. 

There exists a small group of patients in whom digitalis does not re^ 
lieve decompensation, but produces diverse arrhs^mias in rapid sue* 
cession; these are chiefly sinus arrhj-thmia and extrasystoles, either 
isolated or coupled. Here, too, I have found that the occurrence of 
such varied arrh,vthmias may portend a fatal outcome %vithin a few weeks 
or months. 

In patients with senile cardiosclerosis. — that is, those who have in 
addition to cardiosclerotic changes palpably thickened and tortuous 
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arteries, — auricol&r fibiiUation is ver>' common. One of my hospital 
Servian consists of old people with and without cart! io vascular sjmp- 
toms; among til ese there is a large proportion of fibrillators. In those 
who are compensated, tlie cardiac rate is usually between 70 and 80 per 
minute, most of tlie beats being effective and reaching tlie wrist, la 
those who suffer from severe deconipensation the carfliac activity is 
rapid and quite irregular, with many frastrane beats. The course of 
the elderly cardiosclerotic patient is essentially afebrile, unless disturbed 
by complications. Of these the most frequent consist iti attacks of 
pneuEDOiiia, the majority of which are of hypostatic or embolic urigin. 

Prognosis in C.umjioscxerosts 

Under this caption are included those non-rheumatic chronic eas?e3 
of heart disease which show various degrees of invoh emeut of the 
iuy*icardiuin, and atheromatous changes of the endocar<lium, the cor- 
onaries, the valves, and the aorta. With the exception of s,\*i.»hilis, 
the bacterial infection or chemical poison has long since reached tiie 
quiescent stage ; the pathological process, however, in most instances 
insidiously and slowly tt>ntinues, Clinical and pathological proof of 
tliis is usually lacking, since the slow progress of the damage can 
scarcely show itself except by careful clinical observation of the same 
patient cfvcr a long period of time, or by occasional necrojjstes i>f 
patients, in whom the disease had been watched and studied since its 
incipiency. 

The kind and frequency of complications found in cardiosclerosis are, 
in the main, different from those in rheumatic endocarditis. Prognos- 
tically, much depends upon tlie t.\'pe of disease which dominates the 
clinical ensemble. For example, if the uremic element prciiominates, 
the prognosis will revolve upon that; cerebral hemorrhage or acute 
uremia are then apt to be the commoner ways in which the disease will 
terminate. If arteriosclerotic, the terminal acci<lents are prone to be 
hemiplegias or monoplegias. But the artenosclenttic syndrome itself 
can iH'casionally be clinically sulidivided into that affecting the aorta 
and the coronary circulation, and tliat involving the myocardium; 
the prognosis must then be studied from these separate standpoints. 

General Prognosis. - — ' Acute accidents ' which may occur and 
which naturally inirae<liately change the entire prognostic picture will 
be discussed later, .\side from these, tlie general prognosis depends 
upon an attempt to gauge tlie rate of development and extent of car- 
diosclerotic damage, and the actual degree of myocardial insufficiency. 
The first is only deriveil fnim careful and patient inquiry into the 
onset of cardiovascular svTiiptoms and from tangible evidence of an 
underlying infecti\e pn>ce*!s. From these the duration of the disease 
may be estimated. For example, in one instance of severe myocarditis 
with decompensation in a pb>iiician of 36, I was cleBnitely able to 
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est&bliish the commencement of the disease as a mild nephritis following 
grippe infection some 20 years previously. This the patient had entirely 
overluoked as being of rto etiological significance. Very slight cardiac 
sjmptoms began 15 years ago. They coiisiste<l of slight dyspnoea and 
occasional hetiioptyses. Acute sjTnptoms of decompensation appeared 
only a few months ago; they usually occiured after rapid walking or 
after coitus. The fact that cardiac symptoms began 15 years ago, 
and the present status of widespread cardiosclerosis as revealed upon 
examination, make it appear that the pathological damage must have 
long antedated the symptoms. The entire history speaks for a steady 
tliough very gradual continuation of the pathological mischief. This 
ease well ilhistrates the meaning conveyed, and the information to be 
gained, by a careful clinical history, in an attempt to roughly approxi- 
mate not only the degree of curdiitvascular disease but the length of 
time requircfl to reach the condition found when the patient first pre- 
sents himself for examination. Tlie degree of myocardial insufficiency 
is gauged not only by phvnsical signs, but also by its usual clinical man- 
ifestations ; these are chiefly dyspnoea, precordial distress, and a sense 
of exhaustion after ciTort. 

It will be note<i that the amount of cardiac hypertrophy and of hy- 
pertension have not been emphasizetl because they are more concerned 
with sudden heart failure and cerebral accidents than with tlie ques- 
tion of ' general prognosis.' Thus, specimens of extremely hji^er- 
trophicfl and diseased hearts have been removeti from patients who 
Ii%'ed to ripe old age, and in whom tlie disease had doubtless been 
present for many years. So, too, clinicians have for many yews 
followetl patients who had severe aortal and myocardial inx'olvement, 
st>rae of them prove<l as such at necropsy ; yet during this long period 
there may have lieen no marke<l discomfort and almost negligible sub- 
jective symptoms fnnn the cartiiac disase- 

With our present knowledge, we cannot state why some tremendously 
bypertrophied hearts carry their circulattvry burdens fairly well for 
many years, while other apparently more nearly normal hearts suffer 
from circulatory failure. I woitld suggest that the activity and degree 
of the progress of the pathologi<.:al process play important rtiles. The 
system may accustom itself to a gradual curtailment of its circulatory 
reser\'e, while a more acute though less widespreajtl pathological change 
might be attended by quick cardiac exhaustion in a heart already work- 
ing at or near its maximal energ\'. 

In order to study lojrocardi&I insuffieiencr from the standpoint of 
prognosis, it is necessary to estimate not only the amount of gross patho- 
logical damage to the cardiovascular system, but also the amount of 
fairly healthy tissue sufficient to carry on the circulation. For these 
purposes, besides careful physical examination, it is necessar>' to exam- 
ine the cardiac reserve power so as to determine whether any " factor of 
safety " remains. Functional efficiency tests (Chapter XVIII) may be of 
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some value in thi* connection. Of more aid and more readUy applicable 
are the facts already mentioned, which can be determined by tlie 
onlinary methods of clinical examination. These include the investiga- 
tion of the result of effort and exercise upon the heart rate, the patient's 
subjective sensations, the size of the liver, the presence of dyspnoea, 
edema, hydrothorax, and preiH>rdial ilistress. 

To study ideally the degree and rate of progress of the pathological 
damage requires a knowletlge of the patient over a number of years, 
but this opptirtunity is only exceptionally vouchsafecl us. We shall 
therefore have to depend in the main upon the data and history furnished 
by the patient. Of great Importance prognostically are the frequency, 
t}'pe, and duration of attacks of decompensation, and the manner and 
rapidity with which they yield ttt proper tlierapy. These ettnsiderationa 
are often glossed over or entirely disreganled ; yet from them, in ad- 
dition to other data, one is frequently correctly guided as to the ultimate 
' general prognosis.' Much will naturally depend uptm the individual 
opinion of what is " proper therapy." If, for example, decompensation 
has been relieved after a few days' rest and dosage with" a reliable prep- 
aration of digitalis, or if edema has been relieved and diuresis promoted 
by diet (7.U.) and some caffeine deri^-ative (thefibromin, tlieocin, caf- 
feine), it is safe to make a good general prognosis regarding longevity. 
On the other hand, if decompensation is frequent, marked, and refrac- 
toiy to treatment, the general prognoslij becomes corrci^pondingly poor. 

Knnulf<lge of the prognostic features included under the term 
Acute Accidents depends upon the fact that, in the pathology' of cardio- 
sclerosis, there is an admixture of myocardial, arterial, and valvular 
disease in varying prot>oftions ; it requires not only laboratory testi and 
detailed examination, but also ciini(.-al acumen and broad experience to 
decipher and properly apportion the damage to the heart, kidneys, 
arteries, and brain. Thus, aneurysmal dilatations of the aorta may be 
confined to its first portion, the arch, or to the descending thoracic aorta, 
and not markedly affect the coronaries or myocardium. In other 
patients with cardiosclero-sis, the coronaries ami their branches are 
only slightly involved, while the brunt of tlie disease affects the myo- 
cardium and produces myofibrosis and hypertrophy, ("onversely, 
coronary disea.se may be widespread and include subsidiary branches 
of the seoond and even third order, yet the myocardium remain com- 
paratively healthy. Again, an arterii>sclerotic prtR-ess may spend itself 
chiefly upon the circle of Willis, and prwluce sjTuptoms of wrebral 
softening. All these instantrs show how necessary it is to search out 
the lesion which is sjinptomatically and pathologically predominant; 
for in this manner alone can a fairly scientific prognosis be grounded, 
and ' acute accidents ' foretold and possibly guardetl against. 

For the purpose of studying acute accidents pro^osticaUy patients 
with canliosclerosis may be rougldy grouped into tliose with pretlomi- 
nant arteriosclerotic, uremic, or cardiac symptoms. In cus€3 of general 



CLINICAL CARDIOLOGY 



tttheroma without markwl h\pertensi<m (usually found in the senile), 
the ctJinnioiier suddt'ti causes of deatli are cerebral hemorrhage, pneu- 
monia, or pulmonary stiusis. The latter produces bubbling or crepitant 
rfiles at both bases. These sij^s may be present for weeks or months 
before the acute accidents occur ; they help to presage probable pul- 
monary edema or a terminal pulmonary infection, 

A fairly definite hint of caniiac failure or of impending death is 
furnished by the presence of arrhythmias, the t\'pe of which change, 
apparently capriciously, hourly or daily. Thus, at various times, extra- 
ssystoles, auricular fibrillation, or tachycartiia may alternate with a 
regular pulse. Thh lieightened ventricular irritability is not neces- 
sarily associated with any demonstrable change in the clinical sjinptoms. 
It seems to be due to some profound change in cardiac nutrition de- 
pendent upon severe sudden focal myocanital damape fnim emlHili or 
infarcts. The following cases will serve to ilJu.strate the clinical picture. 

Male, age fifty-five, was suffering frt>m mild nephritis and cardio- 
sclerosis with motlerate hjpertension. The main complaint was shght 
dyspnoea upon climbing stairs. He improved under therapy and felt 
comparatively welt for one year. His pulse had alwa\*8 been regular 
until one day he cr^mplained of constant " fluttering " in his heart. 
Clinical examination anrl eleftmcardiograms showed a simple tachy- 
cardia ; the f«te was 100 per minute. His condition was accompanied 
by verj' slight dygpotEa. There was no precordial pain. The tachy- 
cardia lasierl two ilays. For a period t)f three months he again felt well, 
his pulse remainer] r^fular. Then, suddenly, dtu-ing the night he com- 
plained of feeling faint aw! of verj- slight " uneasiness " in the chest. 
Again slight dyspncea was present. Examination showed auricular 
fibrillation with rapid and irregular heart action ; the cardiac rate was 
130 per minute. He was put upon digitalis and later was allowed to 
sit out of bed. The fibrillation continued, but the patient said he felt 
ver>' much better. Despite apparent improvement and absence of 
pain, a diagno.sis of probable coronarv* infarct was made, and a guarded 
progoosb given regarding the outcome of the attack. After four days, 
while the patient was sitting quietly at the table and reading, he gasped 
and diet! within two minutes. 

Female, ai;e sixty-seven, well preserved, had been complaining of 
substernal pain for one year. More recently, -she began to liave at- 
tacks of dyspncEa and of pains lasting one hour and radiating to the 
back. At such times, the puljjc became " irregular " (auricular fibril- 
lation?); between attacks it remained regular. Upon examination, 
the syst<.>Iic blottd pret*sure was 16S. tlie diastolic 80: there was slight 
pretibial edema. Fluoroscopic examination showed a somewhat dilated 
aortic arch. The urine contained neither casts nor albiunen. The 
electrocardiographic tracing showe<l a few ventricular eitrasystiiles. A 
diagnosis of probable coronary sclerosis was made and sudden death 
icAte<l, muinJy because of the arrhythmia which accompanied 
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the attacks of dyspnoea. Two montbs after the first examination, she 
hail an attatk uf dyspncea and preconlial pain, and died within a few 
minutes. 

Prognosis in Cardiosclerosis with Coronary Disease. — VMiere disease 
of the eoroiiarics is assumed to be the main cause of the symptoms 
(Chapter XXI). the prognosis depends upon the severity of the precordial 
attacks and upon the extent of concomitant cardiac damage ; in other 
words, upon the state of preser\'ation of the remarmler of the cardio- 
vascular apparatus. If compensation i.s good and the precordial distress 
is mild and yields to therapy, the patient may continue a fairly com- 
fortable existence for years ; in such cases, fair but somewhat guarded 
prognoses reRarding longevity may be given. Widespread coronary 
disease may show itself clinically in several ways: by severe attacks 
of precordial distress (angina pec-toris), in any of which the patient may 
die from edema of the lungs, coronary infarct, or embolus ; by attacks 
of dyspnoea ; by vomiting which has no relation to the ingestion of food 
and is often ascribed to indigestion and hj-peracidity ; or by slight 
febrile disturbances combined with tender areas over the precordium. 
I believe the latter is sometimes due to focal myocardial or even tomyo- 
malaccous areas from an infective or embolic process in a secondary 
cctronary vessel. Such a process may run its course iu a few days or 
Weeks; the heart becomes permanently affected, but the tlaraage is 
not necessarily incompatible with life or with a fair amount of comfort. 
The prognosis depends upon the severity of the infection as judged by 
the temperature, rigors, duration, and, especially, by the frequency of the 
attacks. Wien the clinical manifestations are mild, with only occasional 
recurrences, the prognosi.s is fair, for the chances are that tlie myocar- 
dial damage occurring with each infection will only gradually cripple the 
heart, anil that sjinptoms of myocardial insufficiency will supervene 
only after a long period of time. The chief danger is the possibility of 
embtilic infarcts into s(nnc vibit organ ; for example, tlie hrain. 

The main right or left coronary artery may be suddenly phigged by an 
embolus, or its lumen closed by uii infarct. TMs is usually accompanied 
by intense precordial distress, dysjincx-a, and gastric symptoms. Sign.s of 
acute cardiac failure rapidly supervene, and death usually occurs witliin 
24 hours. Such Casio's have been corroborated by^ necropsy examhiutious, 

Tentricular fibiillation is proi)ably another type of sudden death oc- 
curring in patients with cardiosclerosis. As far as our knowledge goes, 
this arrhythmia is apparently almost immediately fat«l.' At prese-nt 
there is no method by which its advent can b<' foretold. It seems must 
likely^ to occur in patientii wh<i rec<'ive ritgitalis (Chapter XVI) and who, 
just preceding the presumed fibrillation attack, are in a fair state of 
compensation and apparently progressing favorably, 

'ITie degree of cardiac hj^ertrophy h&» a certain influence in increas- 
ing the probaltility of ' acute acciilentis,' especially after a first atta<'k 

' Robinson, howevpr, re*x<nHy reported a oisi> in which Ibe patient livod sev- 
«nl w«ekj3 after tbi> onset of vootricular tibriliation. 
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of decompensation. The cardiac reserve power is then apt to be quickly 
exhausted, even after the restoration of compejisatioii. This may 
evioce itself by the presence of dyspnoea, slight edema, visceral con- 
gestion, or by arrh^-thmias, especially extrasystoles. The usual aj^onal 
stapes consist in eilenia of the lungs coming on in attacks, or in steadily 
increasing pulnmnary engorgement. 

Prognostically hypertension forms an extremely important factor in 
the fjossible causation of cerebral hemorrhage. There is, however, no 
definite niutluxl uf foretelling these aptjplectic attacks. In many casea 
the blow] pressure is high for rtiontlis or years, and cerebral hemorrhage 
does not supervene ; in others, hypertension is only moderate and hem- 
orrhage does occur. The reason fur this probably lies in the fact that 
this accident depends not only upon the degree of hypertension but also 
upon the extent of the cerebral arterioselerosia. In the absence of brain 
symptoms, we possess no means of determining the extent of cerebral 
artcriohir disease. 

Uremia, is auotlier frequent form of death in cardiosclerosis. It has 
been found that the diastolic pressure is of great significance in deter- 
mining the probability of uremic complications. A diastolic pressure 
of 110 mm. or over is regarded as a danger signal; tlie higher the 
diastolic, the greater the ehauces for uremia, with all its symptf>ms and 
complications. Briefly, these are vomiting, nausea, headache, oli- 
guria, dy.spncca, and pallor. The special prognostic features of each 
of these manifestations are beyond the scope of our subject. 

Phtsic.il Signs of Ventricular Hypertrophy 

The possibility of correctly diagnosing cardiac hj'pertrophy by the 
u.sual physical signs depends chiefly upon the extent of the hy|3ertrophy 
and tlie thickness of the chest wall. For example, the tremendous 
impact to the thoracic wall in the far advaticetl and extreme ventricular 
hj^ertrophy of tj*pical aortic insufficiency can scartely l>e mistaken, 
for it produces a visible an<l palpable shock to tlie entire left half of 
the chest. It is the lesser degrees of cardiac h\7>ertrophy which 
especially require diagnostic consideration. Hypertrophic and enlarged 
hearts, in w hich myocarditis is an important pathological factor, are 
often not diagnosed because the impaire<l comlition of the circulation 
is such that the usual vigorous, uubamperecl aetion indicative of hyper- 
trophy is absent- The <liagnosis must then depend upon the data al- 
ready itidicatal in the description of the pln'sical signs of tnvocarditb 
(r/.r.). 

When typical, left Tentiicular hypertrophy produces a booming, 
loud, first sound over the entire cardiac area, and a broad, heav-^ing sys- 
tolic impact distinctly palpable well outside the normal cardiac limits. 
It must be remembered, however, that these characteristics may be 
siiiiulate<l in thin-chested individuals in whom the heart is well applied 
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to the chest wall, or by hearts in which the systolic action is violent 
(for example, in exophthalmic goiter). Such instances demonstrate 
the necessitj' for reserve in the diagnosis of ventricular hj-pertrophy, 
particularly in view of the fact, already pointed out, that it is extremely 
difiicult to delimit, even approximately by percussion, the size of the 
cardiac area. In other wonls, the physical evidence of cardiac enlarge- 
ment must be definite and unmistakable before its diagnosis is ventured. 
An accentuateil second sound at the apex or at the second right inter- 
space is sometimes accepted as an indication of left ventricular hyper^ 
trophy. It is true that these abnormally accentuated sounds are then 
often present, but they must be regarded not as evidence of lij-per- 
trophy, but ratlier of hypertension in which left ventricular hj'pertrophy 
is often, but not invariably, present. A reduplicated apical impulse 
(gallop rhythm) is sometimes present in the hj'perteiisive cases, es- 
pecially when cardiac h^vpertrophj' exists. 

The diagnosis of right yentricular hypertrophy is even more difficult 
and problematical than that uf the left. A second pulmonic sound, 
relatively or actually Jicccotiiated when compared with the second 
aortic, is regarded as evident-e of overstrain of the right heart, and 
hence indicative of probable right-sided hypertrophy. However, I 
have obsen'ed moderate accentuation of the pulmonic second sound 
very frequently in children and adults with normal hearts in whom 
tachycardia existed. I believe that a comparative study of this sound 
with the aortic is of value as an indication of probable impairment of 
the right ventricle only if the accentuation is pronounced and tachy- 
canlia is absent. Ex en then tlie question of hv^iertrophy must re.st uptm 
the length of time during which the accentuation has been observed, 
the type of lesion, and uptm other associated data. In marked right 
ventricular hj'pertrophy the apex may be pushed to the left, so that 
the anterior surface of the heart consists chiefly or entirely of the right 
ventricle. Furthermore, the cardiac area of dullness may not be in- 
creasefl to the right because the right ventricle normally lies mainly upon 
the diaphragm. Marked visible and palpable epigastric pulsation 
and systolic retraction of the apical impulse are the physical signs upon 
which most stress is laid in the diagnosis of right ventricular hj'f}cr trophy. 
In a series of cases in which the ventricles were separately vveiglied at 
necropsy, Lewis did not find either visible or palpable epigastric pulsa- 
tion or thrust in a sufficient percentage of cases to make these signs of 
diagnostic value. These are examples of the difficulties with which the 
diagnosis of right ventricular hypertrophy is surrounded. 

It is thus evident that, except for massive ventricular hNTDcrtrophy, 
the clinical diagnosis of left or right ventricular hypertrophy from 
physical signs alone is often problematical, and that in many instances 
its presence can only be correctly inferred in conjunction with the 
known pathological lesion, — valvular, myocardial, or nephritic. 
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of decompenaation. The cardiac reserve power is then apt to be quickly 
exhausted, even after the restoration of compensation. This may 
evince itself hy the presence of dyspnoea, slight edema, visceral con- 
gestion, ot by arrhjiJimias, especially extranystoles. The usual agonal 
stsKes consist in edema of the lungs coming on in attacks, or in steadily 
increasing pulmonarj' engorgement. 

Prognostically hypertension forms an extremely important factor in 
the possible causation of cerebral hemorrhage. There is, however, no 
definite metlitxl of foretelling these apoplectic attacks. In many cases 
the b!o(Ml pressure is high for ratmtlis or years, and cerebral hemorrhage 
does not super\ ene ; in others, hy pertension is only mcjtlerate and hem- 
orrhage does occur. The reason for this probably lies in the fact that 
this accident depends not only upon tlie degree of hiri>ertension but also 
upon the extent of the cerebral arteriosclerosis. In tlie absence of brain 
symptoms, we possess no means of determining the extent of cerebral 
artcrioli'tr disease. 

Uremia is another frequent form of death in cardiosclerosis. It has 
been found tliat the diastolic pressure is of great significance in deter- 
mining the probability of uremic complications. A diastolic pressure 
of 110 mm. or over is reijarded as a danger signal; the higher tlie 
diastohc, the greater tlie chances for uremia, with all its symptoms and 
complications. Briefly, these are vomiting, nausea, headache, oli- 
guria, dyspncra, and pallor. The special prognostic features of each 
of these manifestations are beyond the scope of our subject. 

Physical. Signs of Ventrichlah Hypebtrophv 

The possibility of correctly diagnosing canliac hyiiertrophy by the 
usual physical signs depends chiefly upon the extent of the hypertrophy 
and the thickness of the chest wall. For example, the tremendous 
impact to the thoracic wall in the far advanced and extreme ventricular 
hjTjertrophy of t^'pical aortic insufficiency can scarcely be mistaken, 
for it produces a visible and palpable shock to the entire left half of 
the chest. It is the lesser degrees of cardiac hypertrophy which 
especially require diagnostic consideration. Hxpertrophic and enlarged 
hearts, in which mj'ocarditis is an important pathological factor, are 
often not fiiagnosed because the impaired ctmdition of the circulation 
is such that the usual vigorous, unhampered action indicative of hv-per- 
trophy is absent. The diagnosis must then depend upon the data al- 
ready indicated in the description of the physical signs of mycicar<iiti3 
(9. p.). 

When typical, left Tentriculai hypertrophy produces a booming, 
loud, first sound over the entirt* cardiac area, and a broad, heaving sys^ 
tolic impact <listinctJy palpable well outside the normal cardiac limits. 
It must l>c remembered, however, that these characteristii-s may be 
simulated in thin-chested individuals in whom the heart is well applied 
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to the chest wall, or by hearts in which the systolic action is violent 
(for example, in exophtlialmic goiter). Such instances demonstrate 
tlie necessity for reserve in the diagnosis of ventricular hj-pertrophy, 
particularly in view of the fact, already pointed out, that it is extremely 
difficult to delimit, even approximately by percussion, the size of the 
cardiac area. In other words, the physical evidence of cardiac enlarge- 
ment must be deiinite and uimiistakable before its diagnosis is ventured. 
An accentuated second sound at the apex or at the second right inter- 
space is sometimes accepted as an indication of left ventricular hjTJer- 
trophy. It is true that these abnormally accentuated sounds are tJien 
often present, but they must be regarde<i not as evidence of hyper- 
trophy, but rather of hypertension in which left ventricular hj'pertrophy 
is often, but not invariably, present. A reduplicated apical impulse 
(gallop rhythm) is sometimes present in the hj^jertensive cases, es- 
pecially when cardiac hj'pertrophy exists. 

The diagnosis of right ventricular hypertrophy is even more difficult 
and problematical than that of the left. A second pulmonic sound, 
relatively or actually accentuated when comparefl with the second 
aortic, is regarded as evidence of overstrain of the right heart, and 
hence indicative of probable right-sided hypertrophy. However, I 
have observetl moderate accentuation of the pulmonic second sound 
very frequently in children ami adults with normal hearts in whom 
tachycardia existed. I believe that a comparative study of this sound 
with the aortic is of value as an indication of probable impairment of 
tlie right ventricle only if the accentuation is pronounced and tachy- 
canlia id absent. Even then the question of hj-pertropby must rest upon 
the length of time during which the accentuation has been observed, 
the type of lesion, and upon other associated data. In marked right 
ventricular hj'pertfophy the apex may be pushed to the left, so that 
the anterior surface of the heart consists chiefly or entirely of tlie right 
ventricle. Furthermore, the cartliac area of dullness may not be in- 
creased to the right because the right ventricle normally lies mainly upon 
tlie diaphragm. Marked visible and palpable epigastric pulsation 
and systolic retraction of the apical impulse are the physical signs upon 
which most stress is laid in the diagnosis of right ventricular hii-pertrophy. 
In a series of cases in which the ventricles were separately weighed at 
necropsy, Lewis did not 6nd either visitiie or palpable epigastric pulsa- 
tion or thrust in a sufficient percentage of eases to make these signs of 
diagnostic value. These are examples of the difficulties with which the 
diagnosis of right ventricular hvpertrophy is surrounded. 

It is thus evident that, except for massive ventricular hj-pertrophy. 
the clinical diagnosis of left or right ventricular hypertrophy from 
physical signs alone is often problematical, and that in many instances 
its presence can only be correctly inferred in conjunction with the 
known pathological lesion, — valvular, myocardial, or nephritic. 



If cardiac failure exists, complete heart block in itself is not, I believe, 
a contraindication to the use of digitalis, for the drug cannot increase 
the dis9itciation already present. As an instance : I reported a case of 
complete heart block in which the cause of the dissociation could not 
be ascertained during life. Digitalis was administered several times 
until vomiting resulted. There was no cha,nge in the disaociation, the 
only effect of the drug being a subjective thumping sensation in the 
chest. In incomplete lieart block digitalis has been regartled as contra- 
indicated because of the danger of the development of complete block. 
This conversion has been reported in two case-s. One came to autopsy. 
Lesions involving the conduction system and part of the sinoauricular 
node were found ; but similar pathological changes in an instance of 
auricular fibrillation and heart block, lasting many years, have been 
described, and digitalis played no role in the arrhj'thmia. The second 
case was one of severe long-continued decompeasation. Digitalis was 
given for several days; heart block and auricular fibrillation otrcurred 
and continued until death a few days later. These two reports do not 
offer stifficicnt evidence that digitalis alone was the cause of the block. 
In neither case was tliere clinical e^■idence of any ill effects from the 
presumefl induction of complete heart block by the drug. It appears 
to me tliat the possible danger of changing an incomplete to complete 
block in digitalis medication may be averted by tlie judicious admin- 
istration of atropine. The latter should be given in full physiological 
doses, administered as frequently as the digitalis but about one half an 
hour before it; for example, atropine may be given before and the 
digitalis after meals. 

In one of my patients with complete heart block in wliom, through a 
nurse's inadvertence, digitalis had been continued for a long time, 
auricular fibrillation and coupled rhythm were produced in addition to 
the dissociation. These arrhythmias were not followed by any demon- 
strable change in the clinical c-ondition. 

Pulse alternation is also occasionally caused by digitalis. Because 
of its usual serious prognostic import when not produced by drugs, 
digitalis alternation might h priori be amsidered as a contraindication 
to further medication. A case has been reported in which alternation 
and extrasystoles were produced by digitalis; despite this, the drug 
was continued and the patient showed gradual improvement. Tlie 
underljing cause of alternation in cardiac failure is not known. When 
produced by digitalis, it apparently h not dangerous, and in itself does 
not warrant discontinuance of the drug. 

As already indicated, the contradictory effects of digitalis are ex- 
plicable upon the basis of its two distinct actions : that upon the 
neurogenic control of the heart, thus affecting the rhythm ; and that 
upon the contractile power. Although these effects are usually coin- 
cident, the former may precede the latter by one or several days. In 
other words, arrh>i.hmias occasionally occur before decompensation is 
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relieve*]. I do not regard such early appearance of digitalis arrhythmias 
as any ctmtraindicatlon to further medication. The circulation is 
only rarely atfet'tctl by these irregularities ; the drug should be pushed 
in the usual fashiun until the beneficial effects upon the circulation are 
noted. If then the drug is st<»p{>e<i, the arrh>*thmias usually soon dis- 
appear. 

Digitalis Vomitiiig — Admimstration of Atropine with Digitalis. 

— Digital is vomiting has been cotntiioiily ascribed to irritation of tlie 
gastric mucosa, but this scarcely exphiins the marked variations In sus- 
ceptibility to the emetic action of the drug. Some patients vomit 
almost immediately, others only after massive doses ha^'e been given. 
A very suggestive explanation of this phenomena is found in experi- 
ments on cats in whom the alimentarj' tract was removed ; none the 
less, all the accompLn,^^ng manifestations of emesis occurred when 
digitalis bodies were injected intravenously. These experiments 
strengthen the belief that digitalis vomiting is probably due to central 
nerve action and not to peripheral irritation. This fact is of prac- 
tical clinical importance because, in susceptible patients, small initial 
doses of digitalis may l>e advantagctmsly combined with atropine 
sulphate in doses of ^hr of a grain ; subsequently tlie digitalis dosage 
may be gradually increase*! to the usual maximum. In this manner 
I have succeeded in administering digitalis to some patients in whom 
even small tloses ordinarily produced vomiting. Details of the com- 
bined administration of digitalis and atropine are given in the following 
illustrative cases : 

Male, age 60, suffered from chronic bronchitisj dyspnoea, and asth- 
matic attacks for many years. The patient was cj-'anotic, phj'sical 
signs of chronic bronchitis, emphysema, and myocarditis were present, 
the pulse was completely irregular (auricular fibrillation). The tiiicture 
of digitalis and Karrell diet (q.v.) were given. At the enti of one week 
he was very much improved ; digitalis was discontinued because of 
vomiting. After tu-o weeks the drug was again given i^ith the same 
result. On the third administration it was combined i,vith atropine 
sulphate, grain j-hv^ later grain xh^> given subcutanetiusjy. In this 
manner digitalis was administered continuously for several weeks 
without inducing vomiting and with excellent clinical results. 

Female, age twentj'-seven years, had auricular fibriUation, a double 
mitral lesion, and a riecomijensated heart. Fifteen minims of tincture 
of digitalis, three times a day, were prescribed. Upon three occasions, 
after three days' administration, medication was discontinued because 
of nausea and headache. On two subsequent occasions digitalis waa 
combined with atropine sulphate ; one fiftieth of a grain was given 
subcutaneously when nausea was already present and amtinued in 
doses of Yhf grain three times a day. Upon the second occasion, atro- 
pine and digitalis were given uninterruptedly for two weeks without 
nauaea. Decompensation was relieved, 
p 
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Female, age twenty-six, hat] a rheumatic mitral regurgitant lesion. 
There were broken compensation and cardiac pains for several months. 
Tincture of digitalis, one drachm daily in divided doses, was given. 
Usually after a few days medication was discuntinued because of 
vomiting and headache, and the decompensation which had been 
temporarily relieved, soon recurred. Caffeine, digipuratum, and tint-ture 
of strophanthus were substituted for the tincture of digitalis without 
effect. Finally the latter was combined with atropine sulphate, grain 
xhft given iiiteriuilly, three times a day. This was continued in twti 
weekly periods, with interruptions, for many months, and the patient 
showed improvement. Her appetite remained good. She finally 
decompensated again and died. 

The praparatioii and dosiige of digitalis have long been matters of 
dispute. My preference has l>een for the tincture, or for an infusion 
freshly preparetl from potent leaves. A good tincture kept in a projierly 
stoppered bottle will retain its strength for sex'cral months. The ob- 
jection to the infusion is that it must be freshly prepared and requires 
large dosage, and is mtirc unpatatiible than the tincture. The tincture 
and infusion are therapeutically alike. I have also found the digipura- 
tum tablet an excellent and reliable preparation; it is standardized in 
frog heart units. One tablet of one and one half grains is equivalent to 
fifteen minims of the tincture. It sometimes seems more efficacious than 
the tincture, especialiy when administered in chronic cartliac disease. 

Van&bilitf in absorption is no doubt a large factor in variability of 
the action of digitalis when given by mouth. Digitalis dosage should 
be regulated by the degree of canliac failure anil the tj^je of cardiac 
disease. In general, very little if any gmd is accomplished by starting 
with doses verj' much below the average. The usual total amount of 
the tincture required for full therajx'utic effect varies from one to one and 
one half ounces taken over a period of about one week. The average 
daily amount is one drachm given in fifteen or twenty minim doses. 
It is best administered undiluted because it has been found that the 
admixture of water may interfere with absorption. If urgency demands 
it, very much larger initial amounts can be safely given. One oliser\'er, 
for example, has given initial doses of several drachms of the tincture 
with great benefit and no untoward ajTnptoms except occasional nausea 
and vomiting. In urgent cases I have also often administered the tinc- 
ture in drachm doses four or five times daily; no ill effects were oli- 
ser\'ed. The usual dose of the infusion is from one half to one ounce 
given three or four times daily. This amount can likewise be con- 
siderably increased if quick effects are desired. 

The therapeutic effects of digitalis in patients with rhythmiGal 
heart action become evident by improvement in the signs of decom- 
pensation, especially dyspna-a, edema, and the urine output. In 
amicular fibrillation with a completely irregular and rapid pulse, the 
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therapeutic action is shown, in addition, by the elimination of the ir- 
regular and weaker ventricular contractions, the frustate ventricular 
activity which produces no pulse beats (so-called pulse deficit). Id 
consequence, ventricular rhj-thiu becomes steadier and slower, and the 
pulse tends to become corresp*indingly regular. Some observers advise 
discontinuance of the drug or decrease of its dosage when this result 
has been achieveii. This advice should be followed only if the drug had 
produced nausea and vomiting, if decom]>ensation had been relieved, 
or if the usual amount of digitalis (about one ounce of the tincture) 
had already been taken ; for it occasionally happens that the typical dis- 
cimlant arrh>i,hinia of auricular fibrillation comes under sudden control 
after a few doses, w hile signs of heart failure continue or quickly recur 
if digitalis is then stopped. In other words, with the exceptions noted, 
the administration of the drug should be continued until decompensa- 
tion is restored. 

Coupled rhythm — an occasional re,sult of digitalis medication in 
auricular fibrillatinn — is usually regarded as a definite warning to stop 
tlie drug. In order to decide this question for myself, I kept several 
patients under the effects of the drug for a varj'ing length of time after 
coupled rhythm had been induced. Most of them were elderly indi- 
viduals with cardiosclerosis. In each case, digitalis tn moderate doses 
was continueil for several weeks after the beginning of coupling. The 
patients were allowed to walk alxjut. They all felt quite comfortable, 
there were no ill effects. Improvement was particularly noticeable 
in one indi^'idual who was under treatment for a second severe break 
in compensation. Besides cardiosclerosis, he had had emphysema with 
profuse expectoration for years. The typical gross pulse irregularity 
of auricular fibrillation was present. Digitalis produced coupled 
rh>*thm within five days. Medication was continue*! for two weeks 
longer although the ventricular rate became as low as 40 per minute. 
Cyanosis disapjieared, expectoration ceased ; the patient stateil that 
he had not been s<i free from cough and expectoration for j'ears. 
Digitalis was then discontinued ; coupled rhythm and improvement 
remained ; the patient passed from observation a few weeks later. 

With reference to auricular fibrillation occurring in cardiac decom- 
pensation, it remains to he addt;^! that the patient must be kept under 
the influence of digitalis for months or years in order to retain pro|>er 
control of ventricular action and pulse rate. In this manner, indi- 
v'itluals can be kept in a good or fair stiite of compensation for many 
years. Properly supervised, this long-continued medication can be 
carried out with no harmful after-effects. 

In dccompensatei cases with rhj-thmical pulse and moderate 
tachycardia, the latter is often reduced to normal rapidity with gradual 
restoration of compt-nsation, by the administration of digitalis. This 
is sometimes brought about by the inception of such digitalis arrhrthmias 
as sinus slowing, sino-auricular block, and blocked auricular beats. As 
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ulrfiifly iinlit'«te<l, a raotlerately slow pulse rate is in itself no contra- 
il r< I i'lil ion to the furdier administration of the drug, although in the type 
utuU'T cli.snissioii it is apt to be coinddent with the full therajjeutic 
ciU-vL 

Older patients with cardiosclerosis and decompensation usually 
rc«((iirt' ItirgiT niui hmger-funtinuetl digitdli^ dosage than younger in- 
div iiluiils willi cardiiic failure. The former are often comfortable with 
Vriilririiliir ruti's lu'tween 4a and 50; if digitalis is then stopped, edema 
of iJii- hiitus (ifi'asiotially develops. Such elderly individuals :>hould 
be ki'pt under full digitalis effects by giving them several course of the 
tiu'dii-iiUoii over ti series of weeks. This is best accomplished by giving 
(dif iminH? iif tile tincture (about one drachm daily) for the first week; 
it in then iliseotitinuetl fur the following week. In the third week about 
fini' hair onnw of the tincture will be required. It should tlien be 
agjiiii ilisfontiiiued for a week, In the succeeding weeks somewhat 
niaulier <Ioses are adequate. In this manner, the heart can be safely 
iiiituniti>d with digitalis and the patient kept under its influence for a 
long time. 

Much has been written about the comiilatiTe effect of digitalis and 
tlie ilaiigers tlierefrom. Variability in gastric absorption may be one 
t)f itH tnait! causes. Unless the usual mild toxic sjinptoms are meant 
(hemlttchc, nausea, arrhythraia=i), digitalis cumulation is a very infre- 
(jut'tit plienomenon, and its dangers have undoubtedly been exaggerated. 
1 )igittilis has been administered in innumerable instances for weeks and 
months, and even years, with no dangerous eJTects. In only one in- 
stance did I observe symptoms which might be interpreted as due to 
a ciunnlative effect. A woman of 40 with a double mitral lesion, or- 
thnpnoea, anasarca, cyanosis, and typical auricular fibrillation entered 
the hoi^pital in exiremtJi. Infusion of digitalis in one half ounce doses 
was given every four hours. After three ounces had been taken the 
patient's condition was improved. Suddenly -vomiting, a sudden drop 
of ventricular rate to CA), ami cold face and extremities developetl. 
Hypodermic injectionji nf strychnine and caffeine had no effect upon 
tliiis conHition, Despite these apparently alarming s\mptom5, tlie 
patient felt quite comfortable. nrthopntEa temporarily disappearetl, 
cyanosis decrease 1, and the urinary output markedly increased. The 
patient dicii two days later from cardiac failure. 

The duration of the action of digitalis after its discontinuance is 
not <lefinitely known, From electrocardiographic changes sometimes 
protKiccii by digitsdis (Chapter VI), it would seem that after full thera- 
|K*utic doses hsxvc licen given, the effects are oontinuetl for some weeks, 
riiin !Hiiib:;tantiates the clinical observation that after thorough digitali- 
KUtion, the effects of the drug are maintained by giving much smaller 
doses. 

It in conceivable that there is one possible danger in administering 
digitalis in unnecessarily large doses over long periods ; i.e. the produo 



THERAPY IN CIRCULATORY DISEASE 



313 



tion of Tentricolax flbrillation, an arrhythmia, which, so far as we now 
know, is universally faUil. We possess neither experimental nor elinical 
grounds for this assumption. I predicate it upon the power of digitalis 
to incite all types of cardiac irregularities, and upon the occasional 
clinical observation that patients who were apparently improving 
under fidl dit^italis dosage sometimes die quite suddenly, and no reason 
for tlie sudden fatal termination can be fouml at autopsy. Some of 
these deaths ha\'e been assumed to be due to ventricular fibrillation. 

The Use of Di^talis in Valvular Lesions. — Dogmatic distinctions 
were formerly made rejjardin^,' the various tj-pes of vahnlar lesions in 
which digitalis was indicatetl or contraindicated. Abundant clinical ex- 
perience has shown that, although not followed by equally good results, 
digitalis may be given in all forms of cardiac failure, regardless of the 
valve affected. In general, in rhj-thmically beating hearts digitalis 
is not followed by the same rapidly beneficial effects as in auricular 
fibrillation. Its chief value in the former lies in the retluction of the 
canliac rate, in lengthening the diastole, and in strengthening ventric- 
ular contractions. In aortic lesions with decomposition and left ven- 
tricular hj-pertrophy, digitalis is not as beneficial as in mitral lesions. 
This may depend upon several factors : except in the final stage*! 
of decompensation, tliere is less systemic wngestion and e<lema ; the 
cartliac rate is very susceptible to neurogenic and other influences which 
cause tachycardia. In mitral lesions, tachycardia is not as common, 
congestion and edema more common, and tliese are the conditions 
which are more readily influencetl by digitalis. Finally, digitalis may 
not exert its full action upon the fibers of extremely hj^pertrophied 
muscle. 

The value of digitalis in cardiosclerosis with bypertensioii and cor* 
onary disease has often been questioned ; indce<l, until recently, hj-per- 
tension was reganled by many as a distinct contraindication to digitalis. 
Careful clinical study has shown, however, that digitalii; in tlierapeutic 
doses does not regularly raise the blood pressure; when occasionally 
increased, tlie increase bears no relation to the time of administration 
or dosage of the drug. I ha\'e treated patients with hypertensive dis- 
ease, many of whom had a systolic blood pressure of over 200 mm. of 
mercury, and I have never observed any pressure increment which could 
in any way be twrelatetl with digitalis administration. In fact, in those 
in whom tyanosis and d^'spnoea were the chief manifestations, and in 
whom digitalis gave relief, tlie blootl pressure was often lowered. This 
may be because cyanosis itself acts as an excitant to the vasomotor 
center and thus raises bloo<i pressure (Chapter XIX). This disturbing 
factor is eliminated by the beneficial effect of digitalis upon the general 
drculation. 

Another impnrtant wnsidcratiim in digitalis therapy is the question 
of its use in endocarditis and pericarditis during the acute stages. When 
the heart rate is increased as the result of these acute inflammatory 
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■>»cmn «Ii;:itHtB has no effect in dimmishing the pube rate. This b 
•bntKK* iif other febrile diseases, such as pneumnnia, grippe, etc. Hence 
tlkr USP til tiigiuilis for tlie persistent tachycardia of inflammatory con- 
^tit4v« i:* Vfr\- apt to be followed by disappointing results. 

h\ tKis (xmtui'tion, I wish to point out a reason for the futility of 
t|^t.tU-< in chronic pericarditis with dense and exten?i\'e adhesions. 
T1»<> \»tWT act jnet'hanioally, like a vise, hindering normal systole and 
i,(M»ti>le. I observed one uistance in an adult who had rheumatic 
ftHhritis «nd irregular temperatures for several weeks. Auricular 
tilvHlhtioii was present. The obscure physical signs — a scarcely 
Alhtiblo or palpable apex beat — pointe<l to myocarditis as the probable 
^>«ir\liai' lesion. A roentgenogram of the chest showal a somewhat 
<^nlar>;t'*l rartUac shadow. Digitalis was given for several weeks with 
tvi> ettet't upon the slowly increasing heart failure or upon the fibrillation. 
At net'n>p\\', tlie valves were normal, the myocardium not extensively 
dwrtMil. there was a tightly adherent pericardium that encircled and 
Kxetl the entire heart. In another instance, a case of pcilj-serositls of 
unknown origin in a young male with dyspncea and cyanosis, X-ray 
plAtes showed definite, sharply defined calcareous plaques in the peri- 
ear<rnnn. Auricular fibrillation with a fairly regular and slow ventric- 
ular rate was present. The cardiac impulse and sounds were weak. 
1 1,.^., alsii, it seemed probable that the vise-like action of an adherent 
and thickened pericardium was an important etiological factor in the 
oanliae failure and cyanosis. Digitalis had no influence upon the 
symptoms or arrhythmia. 

Sjieaking broadly, in decompensated valvular and cardiovascular 
diseaSft in which infectiim is either (juioscent or non-existent, I have 
found: the following classification «f value from the viewpoint of the 
pn»hable effect of digitalis medication : 

1. Mitral lesions with rtayUunic hearts : Improvement only slnwly 
or snnictimcs not at all upon digiuUis. Rest is apparently the largest 
factor in the improvement. 

2. Mitral lesions with auricular fibrillation : Unlesi^ decompensation 
is extreme or long contiimetl, improvement very rapid under digitalis. 
The irregular carfliac activity is quickly controlle<i, and, with it, de- 
t-oinpensattnn usually promptly relie\ed. 

:i. Aortic lesions with sliflit or moderate ventricular hypertropli; : 
The drug is nut of much value, rest is the important factor. 

4. Aortic lesions with extreme ventricular hypertrophy: Reaction 
to digitalis not g(«>d, pfissibly because there is not sufficient healthy 
cardiac muscle upon which the drug can act. Even if auricular fibrilla- 
tion is pre^^ent, digitalis is not apt to lie followed by beneficial results. 

5. Cardiosclerosis with decompensation : Those with cardiac failure 
and edema, with or without hypertension, are apt to react well to the 
jCarrell diet (7, p.), and digitalis and theobromine sodium sahi-ylate 
ltdministered un alternate days. In cardiosclerosis and hypertension 
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with uremia and no edema, digitalis has very little effect In the relief 
of decompensation. 

Suinmiog up tiie effects of digitalis medication, the following con- 
clusions are warranted : 

1 . The best single criterion of the amount and duration of digitalis 
administration is its clitiical effect. 

2. The beneficial effect of digitaha depends chiefly upon producing 
increasetl cuiitractile power of the cardiac musculature. 

3. The gradual production of arrhj'thmias is usually coincident with 
full clinical effects. 

4. If detxjmpen.sation demands the continuance of digitalis, the 
rapid onset of arrhythmias does not contra! ndicate its further use. 

5. Atropine sulphate, grain to t-Atj. three times a day, given 
internally ur suljcutivneously at the beginning of medication, occasion- 
ally prevents nausea and \'omiting in susceptible individuals. 

6. The hj-pertension of cardiovascular disease does not contra- 
indicate the use of digitalis. 

7. To derive clinical benefits quickly, digitalis should be given in 
full therapeutic doses. 

8. When digitalis acts promptly in small doses, the effect is likely 
to be temporary. For pemaanent improvement, long-continued medica- 
tion ia usually requiretl. 

9. Digitalis occ;isionally produces epigastric sensitiveness and hun- 
ger pangs, which appear to be due to heightened vagal tone. These 
sjTnptoms precede vomiting by one or two days, and indicate a full 
therapeutic digitalis effect. 

Tincture Stropiunthi's 

This possesses no adv'antages over the tincture of digitalis. Its dis- 
advantage is that it varies considerably in strength. It should be 
given in one half or one drachm doses, antl not in the smaller quantities 
usually recommended. 

Crystalline strophanthin (Thorns) is a must powerful glucoside. 
The best preparation is that put up in ampoules containing 1 c.c. of 
a 1 per cent solution. The dose is from 10 to 15 minims; this should 
be slowly injected, preferably intrav'enously. It is of remarkable effi- 
cacy, particularly in the acute lieart failure of auricular fibrillation. 
Within a ver\' short time, sometimes after one hour, the injection may 
be followed by slower and more regular ventricular activity, with a 
correspondingly good effect upon dyspnoea and cyanosis; frustrate 
beats may quickly disappear, edema show some evidence of clearing 
Up, and diuresis increase. If the urgency* of the case demands it, the 
injection should be repeated at tlie end of 24 hours. In other words, 
these injections can in a remarkably short time produce the effect 
which oiJy occurs after several days of the usual method of digitalis 
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administration. On the other hand, the effect is more evanescent; 
hence, in the decompensation of cardiac disease, it is necessary to follow 
up these injections by digitalis given in the usual manner. Strophantliin 
is als^i indicated in acute cardiac failure from cardiorenal disease, es- 
pecially if pulmonary edema is present. There is one caution necessarj' 
respecting strophanthin ; namely, it is contramdicated, or should be 
mcd very sparingly if the patient is already digitaliKetl, othenvise very 
serious toxic sjuiptoras may iromediately follow. For example, in a 
patient with mitral regurgitation, extreme <iecompeiisation, and rhyth- 
mical pulse, \yho hat! long been under the full effects of digitalis, this 
precaution was not heeded; ari injection of 1 c.c, of sstrophanthin was 
immediately followed by auricular fibrillation, a condition which lasted 
until tieath a few days later and umloubtetlly hastened the fatal ter- 
mination. 

Tincture OP Squills 

In doses of 15 to 30 minims this has an action on the circulation 
similar to digitalis. Like the latter, it may produce sinus arrhythmia 
and heart block, apparently by increased vagal inhibition. It possesses 
no advantages over digitalis, and is, in addition, irregular antl un- 
certain in aetioa. Squills is often prescribed in pill form as a diuretic. 

Apoctnum 

Apocynum or Canadian Hemp, given in fluid or solid extract, has 
been studied to a alight extent ; it has no regular or marked effect upon 
the circulation. 

Caffeine and Its DERrv.mvES 

Caffeine produces vaso-constriction by its action upon the vasomotor 
center; it also has a slight eft'etl upon the heart itself. Its main 
therapeutic value rests upon the action on the kidneys. Since cardio- 
vascular tlisease involves the kidneys, a discussion of caffeine and 
its derivatives is of importance. 

Caffeine acts primarily as a diuretic, thereby increasing the output 
of urine. The manner of its action is still in dispute ; some ascrilie it 
to an irritating effect upon the renal epithelium, others to an effect 
upon the renal circulation. Caffeine increases principally the watery 
constituent of the urine; there is also an increased output of solids, 
especially of sodium chloride, and, to a lesser degree, of the nitrogenous 
constituents. 

The best method of caffeine administration is in the form of caf- 
feine sodium salicylate, a readily soluble salt, A 20 per cent solution of 
this salt in distilled water lends itself admirably to hypodermic admin- 
istration ; the tlose i?i from \o to 30 minims. 

Theobroiiiiiie Sodium Salicylate. — This salt produces more marked 
diuresis than caffeine. Another advantage is that it has no effect upon 
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the vasomotor center, anil hence does not produce blood pressure changes. 
The drug is administered in 7 to 15 grain (0.5 to 1 gm.) doses three or 
four time^ daUy, well diluted in water. Because of an unpleasant taste, 
it can be given in wafers. If the medication upsets the stomach, it 
may be given in .smaller doses more frequently. It can also be admin- 
istered per rectum by the Murphy drip method. Finally, it can be 
given intravcnou-sly according to a method which I have developed. 

This mtr&venous method seems of importance because the drug is 
particularly indicated in uremic conditions with vomiting, delirium, 
and disturbances of the sensorium, in which theobrornine cannot be 
given by mouth, or if so giAen, the amount absorbed is very slight or 
nil. At first I employed a solution of ten grains dissolved in 200 c.c, 
of water, once or twice a day. This method was discarded because 
it was too cumbersome and did not permit sufficiently frequent admin- 
istration. Now I use 5 per cent solutions, the percentage oftlinarily 
used in animal experimentation. Pharmacological examinations show 
that the specific gravity of a 5 per cent solution at 20° C. is 1.0228, 
and it.s alkalinity equivalent to that of a 2.4 per cent solution of sodium 
bicarbonate. Sodium bicarbonate in this concentration, or even 
stronger, is sometimes given intravenously in diabetic coma. A 5 per 
cent theobromine sodium salicylate solution heated in a closed vessel at 
%° C. for one hour, again for one hour, and then for one half hour, 
shows slight yellowish discoloration and a ver\ slight loss of alkalinity, 
but remains perfectly clear. Sterilization does not alter the solution. 
The dose I usually employ is 15 grains, i.e. 20 c.c. of the 5 per cent 
solution. In one instance 30 grains (40 c.c. of the solution) were 
given in a single dose. The stock solution should be resterilized by 
boiling immetliately preceding injections. If the entire solution enters 
the vein, there is no local reaction. If a few drops find their way into 
the subcutaneous tissue, some induration, ecchymosis, or slight pain 
lasting a few days sometimes follows. In one instance, tlirough a mis- 
understanding by one of the hou.se staff, the solution wa.s injected sub- 
dernially; a local skin slough and ulcer resulted. Tlie injections are 
never followed by systemic reactions. The solution is readily prejjared 
and sterilized, \\1ule 20 c.c. of a 5 per cent solution have been found 
a convenient standard, the dosage can be modified to suit individual 
requirements. The ordinary dosage can be given intravenously daily 
for several days. 

It has been shown that the diuretic function of the kidney becomes 
fatigued by long-ctmtinued theobromine administration, hence it is 
advisable to give the drug in the customarj' oral method in courses of 
two or three days with intermissions of similar periods. Theobromine 
sfKlium sjdicjlate (diuretin) is particularly indicated in the dropsy of 
cardiorenal tiiscase. Given on alternate days with digitalis, it often 
enhances the action of the latter, not only in cardiorenal but also in 
purely valvular disease. As an adjuvant, theobromine is often combined 
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u itli the Karrell diet. Because of its importance, this diet and the 
metlirx! of its administration require detailed description. 

The Karrell diet consiiit.s in a daily diet of 800 to lOOOc-c. of milk ; it 
is preferably' gi\ en in glaiisfuls of six ounces every three hours. This is 
usually termetl a " Karrell day." On Karrell days the patient should 
be in bed or at rest. The milk shoukl be sipped slovily. Patients 
rarelj' complain of thirst, but occasionally become so hungrj' that they 
suffer from hunger pangs and faintness. Tndcr these conditions, I 
allow them dry toast, crackers, perhaps also an apple or oranpe in 
amounts just sufficient to curb extreme hunger. An excellent routine 
procetlure in nKKlerately severe e<lema of cafiliorenal origin is Karrell 
diet and thetibromine sodium salicylate for two days, alternating with 
digitalis and an appropriate renal diet (g.r.) \vith somewhat restricted 
fluid intake for the succeeding two days. In most cases I believe it 
ad\ isable to continue theobromine therapy and Karrell diet, at inter\'als, 
long after edema has disappeared and the patient feels well. These 
intervals shouki be gradually lengthened; for example, Karrell diet 
and thcoliromine may be given for a day, at first tu iww eekly, then once 
weekly, then once monthly. In this manner it seems possible to retain 
and continue for montlis, and occasionally^ for years, the improvement 
gained by the initial, more intense therapy. In some instances of 
cardiorenal iHsease with extreme anasarca, the intensive treatment 
outlined — digitalis, theobromine, and Karrell diet — yields remarkable 
results; losses of from 10 in 15 pounds during the first week, ami from 
20 to 40 pounds in several weeks, are not exceptional. Coincident 
with reduction of eilema, other serious sjinptoras such as semistupor, 
dyspnoea, cyanosis, and manifestations of hypertension, often improve 
or disappear. Beneficial results derivefl from this therapy are most 
marked in those in whom myocardial insuflSciency is a prominent clinicai 
feature. 

As a modification of the K&irell diet and as a method of promoting 
diuresis in patients in whom the urinary output is approximately 
normal in amount, I have restricte*! the fluid intake to only 500 c.c. 
daily. The liquids allowed are water, sweetened or unsweetened 
lemonade, and coffee or tea with very little milk. When necessary, 
only sufficient solids of the kind already mentioned arc added to control 
severe hunger. Patients rarely complain of thirst; when present, it is 
partially relieved by small quantities of cracked ice, or by rinsing the 
mouth with water- I give this restricted and modified Karrell diet 
for two days, with theobromine sodium salicj-late in 7 to 15 grain doses 
to the amount of 45 grains daily. Then follow two days of digitalis 
with appropriate cartJiorenal diet an<i somewhat restricted fluid intake. 
By this method, I have occasionally achieved results which did not fol- 
low the ordinary Karrell diet. Older patients with long-standing edema 
frequently voided from GO to 80 ounces, and occasionally 100 ounces, 
on the day succeeding the second theobromine day, the usual time of 
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most markefl diuretic action. Coiiicidentally, etlemas quickly clearai 
up, ami cyanosis and especially dyspnoea very rapidly and often remark- 
ably improved. These se«>ndary results may have been due not only 
to the elimijiation of water, but aiso to elimination of toxic substances. 

Strvchnine 

In animal experiments, strychnine has been shown to have a 
vaao-constrictor influence, and hence has been assumed to be of value 
in low blood pressure and sliock. However, careful obser\'atiotts of 
its effect on the circulation in health and in cardiac disease have 
shown no influence upon the urinary output, edema, blood pressure, or 
heart rate, — the usual criteria of any change in the circulation. The 
claim, occasionally made, that in some intan^rible way strychnine acts 
as a circulatorj' 'tonic' by its effect upon the nervous system is not 
substantiated by any clinical evidence. 

XrraiTES 

This is the vasodilator proup. It consists mainly of nitroglycerin, 
nitrite of potassium and sodium, aroyl nitrite, erj'throl tetranitrate, 
and mannitol hexanitrate- Amyl nitrite i* the emergency drug t»f this 
class and is cojii^idered in detail in another section (Chapter XXI). 
Nitroglycerin, the drug most often prescribed, acts as a peripheral 
arteriolar dilator. The usual dose is xhf grain three times daily. It 
may be given bT»-poticrmically or by mouth. It is chiefly used in circu- 
latiiry disease for lowering bloo<l pressure in hypertension and for the 
relief of precordial pains. It is believetl that the latter is accomplished 
by the relief of spasm of the cxjronary arteries. In some cases of hj*per- 
tcnsion I have administered as much as of a grain of nitroglycerin 
subcutaneously three times daily with little or no effect uptm hyi)er- 
tension or precordial sjTnptoms. ITiese and other inconstant results 
following nitroglycerin may be accounted for by the varj'ing amounts 
of arterial thickening and consequent variations in the dilating power 
of the arterioles. In edema of the lungs with hj-pertension and nephritis, 
nitroglycerin in large dttses (from 3*5 to -jV gr. h\podermically), combined 
w ith the usual cartliac remedies, occasionally reliev es the overburdened 
heart by its effect upon the peripheral circulation. 

Nitroglycerin is of most value in cardiosclerosis with moderate 
bj-pertension and labile vasomotor mechanism (Chapter XXI). Its 
administration may then result in fairly long-continued lowered blood 
pres.sure and in relief of sjTnptoms. If the use of nitroglycerin be limited 
to such cases, it becomes a very valuable drug. If, however, it is used 
in continued hypertension with advanced coronary disease, nitroglycerin 
is apt to be followeil by <lisappointing results for reasons already men- 
tionetl. Erj'throl tetranitrate and raannitol hexanitrate have a slower 
and more continued action than the others of the vasodilator group. 
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Camphor 

This drug, especially in the form of camphor in oil, given hypoder^ 
mically, has been a favorite circulatory remedy for many years. Care- 
ful clinical observation, however, has shown that it has no demonstrable 
influence on the circulation; i.e. it exerts no influence on diuresis, 
blood pressure, or pnlse rate. In animal experimentation there 13 a 
slight effect upon the pulse pressure. The use of spirits of camphor 
in depression of the nervous system, as, for example, in fainting spells, 
b sometimes of value because of its reflex action. 

Alcohol 

Discussion of alcohol is here limited to its effect upon the circula- 
tion. In animals, alcohol slip;htly increases cardiac contractility. In 
human beings, when given in large quantities, it produces a marked 
fall of blotKl pressure by its action upon the vaso-constrictor center and 
upon the heart muscle. Small quantities of alcoholic beverages seem 
occasionally to augment cardiac contractility in decompensate*! cartliac 
disease, but the effect is slight and inconstant, and its value prob- 
lematical. 

ACOOTTE 

Recent investigations have shown that the strength of tlie tincture 
of aconite, the preparation usually used, varies considerably, and 
that, even when properly standardized, the dose onlinarijy admin- 
istered is much too small. Aconite does not slow the heart rate in cardiac 
disease. Its presumed therapeutic value is basefl upon experimental 
investigation in animals in which cardiac rate, contractility, and blood 
pressure are loweretl as the result of a central vagus effect. When 
given in very large doses, the drug sometimes increases ventricular ir- 
ritability. This has been shown by the production of extrasystoles by 
pressure over the pneumogastrics of patients who had been given the drug, 

SP.AJtTEINE 

This drug is the alkaloid of the common broom. Formerly it 
was used as a cardiac tonic because it was presumed to have an 
action like digitalis. When injected into animals, it slows the pulse 
and slightly raises the blood pressure. Clinically, these effects have not 
been observed ; however, it must be added tliat careful investigation 
of its action is lacking. The dose advised ranges from 4 to 5 grains; 
probably 2 grains of sparteine sulphate is a safe dose for an adult. 

SuPR-uiENAL Extract — Adrenalin 

Its vaso-constrictor action, especially when given intravenously, is 
well known. It may be used in circulatory collapse accompanied by 
a sharp fall of the systolic blood pressure, or in hj^pertension with 
rapidly falling pressure, the latter indicating myocardial insuffiriency. 
Injections of the drug in these conditions are sometimes followed 
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by decided though temporary improvement. Adrenalin has also been 
advised in so-called constitutional hypotension (Chapter XIX), a con- 
dition in which cardiac failure is absent. The main symptoms in 
these individuals are those referable to vasomotor disturbances. The 
hypotension itself rarely requires medication, but the accompany- 
ing symptoms may be relieved by adrenalin. The best method of 
administration is the standard sterile solution in the strength of 1 to 
10(X); the dose is from 15 to 30 minims given internally, or, preferably, 
hypodermicaliy or intravenously. 

Morphine 

This drug produces slowing of the heart rate by its effect upon the 
medullary center, Iniections in dogs are sometimes followed by com- 
plete heart block. In man, morphine is a cardiac ' stimulant ' only 
in the sense that, by its effect upon the central nervous system, the 
patients become less restive antl irritable. Thus regarded, it is often 
an excellent aid to other drugs in such acute circulatory conditions m 
paroxysmal tachycardia, acute onset of auricular fibrillation, and sudden 
cardiac faiJure with dyspnoea. 

Bromides 

Tb^ are indicated in tachycardia from any cause, or in those 
in whom extrasystoles cause subjective sen.sations. In the former, 
where morphine may also l>e indicated, the bromides enhance and pro- 
long the morphine effect. 

Other aedataves which may he employed to combat restlessness and 
sleeplessness are chloral hydrate and veronal ; tbey may be given alone 
or combined with small doses of morphine or codeine. 

Acetate of Potash and Soda 

Tlieir diuretic action is usually slight and depends upon the non- 
metallic salt — the acetate — for iu effect. It ia occasionally uf 
advantage to alternate these drugs witli the more active diuretic, 
theobromine sodium salicylate. The dose is from 15 to 30 grains, 
given in solution every two or three hours. 

S.u-iNE Cathartics 

Brisk catharsis is sometimes of value in starting diuresis. The best 
saline for this purpose b the sulphate of magnesia. 

Caxomel 

The drug is sometimes of benefit iu cardiac dropsy ; it is of less value 
in edema of renal origin. The dose generally recommended is 3 grains 
three times daily for two to four days ; after an interval of a few days, 
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unless some contraindicatioo exists, it may be repeated in the same dosage. 
Its action is ascribed to direct stimulation of the renal epithelium. 

Venesectiox 

Til is procedure has its sphere in plethoric cases with cyanosis 
and dyspnoea. It possesses a double advantage : temporary decrease 
of heart work by decreasing bltKnl volume, and removal of toxic 
products. The amount to be withdrawn must be individualized ; it 
should be at least 250 c.c. 

ACTOGENOUS AND StOCK VaCCINES, AKD SENSITIZED SeRA 

I have employed autogenous vaccines in a number of cases of 
endoc-arditis due to the streptococcus viridans, but have not been able 
to discern any benefit from their use. There was no effect upon the 
temperature or toxic sj.TQptoms, nor w£is there any change in the clinical 
course of the tlisease. In a few cases that came to necropsy in which 
this therapy was employe<l, nothing was found to indicate that the v^:e- 
tative process on the valves was checked in the slightest degree. 

I have also admirkistered stock vaccines in a small nxmiber of cas^ 
of endocarditis which seemed clinically of streptococcic origin but in 
whom the organism could not be isolated from the blood. Though I 
observed no ill effects from the injections, they had not the slightest 
therapeutic result. 

Ill a number of instances of streptococcus viridans infection, I 
employed serum derived from horses sensitized to this coccus. The 
effect of such injections was also entirely negative. 

CoLLOiD.u. Silver Preparations 

Recently, interest in the use of silver salts in septic conditions has 
been revived by the administration of various colloidal silver salts in 
the treatment of acute rheumatic and bacterial endocarditis. I have 
observed a few cases in which they were injected intravenously. In 
one, a streptococcus viridans infection, 20 injections were given in two 
or three day inter\ als without benefit ; the patient died with the sjiop- 
toms of cerebral embolism. In another instance, a child witli acute 
rheumatic endocarditis, a few injections were foUoweii by a ratlier 
sharp fall in temptTature. In the same wani, I had under ohst-rvation 
at this time a male adult of 20 who sufferetl from acute rhcumalism 
and from acute endocarditis and pericanlitis with effusion. The 
cardiac involvement ran a verj' stormy course : the temperature 
reached 105° and remained between 104° and 105° for one week ; 
dysprirra, chiefly due to the verj' large amount of pericardial exudate, 
was extreme. The patient reccivcfl neither silver injections nor serum 
therapy of any kind. After one week the temperature fell suddeidy, 
signs of pericardial effusion quickly disappeared, the patient rapidly 
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eonvBlesml with the physical signs of a. permanent aortit* lesion. Thus 
are contrasted two cases of an acute endocardial infection both of 
whom rapidly convalesced, one with, the other without, any attempt 
at specific therapj'. The inference b clear that there is no proof in 
the first case that the injections caused a recession of the acute emlfv 
carditis. In the enthusiastic reports regarding the use of colloidal 
silver in endocanlitia, I have found no instance of * cure ' which 
could not be explained uptm the basis of an acute endocarditis which 
had quickly run its febrile c«urse, or upon the basis of a longer duration 
with the u^ual remissions. In ttther words, 1 do not believe that the 
intravenous use of silver preparations is warranted in any type of 
endocardial infection. 

Massage — Passive Motion 

As a zeault of careful observation of many cases of cardiac fliseaae, 
it is my impression that patients are allowed in betl or at absolute 
rest too long after tximpensation has been resttjred, and after the in- 
flammatory process has run its ctturse. Two to three weeks after the 
quiescence of inflattiniator;j- ^symptoms and after restoration of com- 
pensation constitute, I believe, the average time for complete rest. 
After that periotl, the judicious i\&e of massage, active and passive 
motion, and exercise aid the circulation and prt)duce a more rapi<l return 
to normal circidatory conditions. No form of exercise or massage 
should be pushed fur enough to cause dyspncta, distress, rapid heart 
action, or unpleasant subjective sjinptoms. Massage and passive 
motion have also some value as added therapeutic aids in long-con- 
tinued cardiac decompensation in bedridden patients. The chief 
contraindication in such individuals is extreme continued dyspnoea. 
In such cases, massage shouUl l>e limited to the extremities and to the 
muscles of the back ; the ahlomen and anterior part of the chest should 
not be included. When edema and venous stasis are present, it may 
he of advantage to stroke the limbs in the direction of the venous and 
lymphatic current, i.e. from tlie periphery to the trunk. This some- 
times decreases the local engorgement. 

The kind of massage to be employed in cases of restored compensa- 
tion must l>e individuftlixed. I'sually light superficial massage alone 
is tolerate<l. Deep vigorous massage and kneading of the muscles 
commonly produces discomfort and pain, and, by exciting the patient, 
nia\' cause rapid heart action and dyspnoea. The amount of passive 
motion must be similarly studied in everj' individual case. Flexion 
ami extension of the smaller joints — the fingers, wrists, ankles, and 
toes — should at first be practiced gently once daily ; later, the larger 
joints {knees, elbows, hips, and shoulders) should be flexed and extended. 
If these proce<lure^s are not followed by pain, cyanosis, tachycardia, 
exhaustion, or dyspnoea, more vigorous and oft-repeated passive motion 



can be employed. Massage and passive (notion do not necessarily 
require the services of a trained attendant ; in any case, however, they 
should at the outiiet be carrietl out under the direct super\'ision of the 
medical attendant, so that he can carefidly observe any possible ill 
effects following their use. 

Calisthenics — Medical Gymnastics — Resistance Exercises. — 
These are occasionally iiidicatefl while the patient is still in bed. T\\ey re- 
quire the more active cooperation of the patient and make more demands 
upon his circulatory "resiTve. Rapid breathing, dyspnoea, increased 
and prolonged pulse rapidity, or subjective feelings of faintuess and 
exhaustion are the best clinical j^uides that g>^nnastic3 or exercise have 
exceeded safe limite and liave cause<l marked diminution of the carfliac 
reserve power. It shouhi be empliasized that these treatments are 
only addeti therapeutic aids?, and cannot replace circulator^' drugs when 
tndicateil. The use of dural>-bells and of carefully graduated exercises 
as measured by the ergostat are also of value- According to some ob- 
servers, delayed return to the normal blood pressure following dumb- 
bell exercise coiLstitutes a good reaction, and is to be regarded as 
evifletice cif good car<liac reserve power. 

Walking i.s the best, simplest, and most accessible of all the forms of 
more active exercise. Some years ago, a system of carefully planned 
and graduated hiU climbing with interspersed resting benches was 
popular on the continent (Oertel treatment), but arbitrary insistence 
upon fixetl distances to be coveretl or hills to be climbed leaves out of 
consideration the only safe and cardinal guide of circulatory endurance ; 
namely, the patient's cardiac reserve power as measured by his sub- 
jective sensations, a factor which varies daily or even hourly. On the 
other hand, walking at a moderate pace on the level or up a slight incline 
for a distance or length of time well within the patient's circulatory 
power is a much ssifcr and more elastic rule, and approaches more 
nearly the normal demands and mode of life that the individual will 
later follow. 

Hydrotlierap7. - The uiiual h\'drotherapeutic prooedurea consist 
in tepid baths, sjxinging with tepid water followed by a quick cool or 
cold sponge over the entire or upper parts of the body, tepid or coot 
shower hatha, needle baths, or sprays of water of varjnng temperatures 
applied to various portions of the body. Except for verj' warm baths, 
after the patient is propcrl\' inured to them, the above measures are 
applicable to any type of cardiac disease in which ctunpensation has 
been well established. These measures have their especial application, 
however, in a large group of patients who, in addition to their organic 
disease, suffer from marked neuropathic tendencies. Such individual:! 
are apt to have vasomotor instability, such as hot or cold extremities, 
frequent flushes, etc. They may suffer from dyspnoea of purely sub- 
jective origin not correIate<i with exercise or with any discernible cardiac 
change. They complain of indefinite pains in the chest, neck, or arms. 
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They frequently suffer from headache and anorexia. In other words, 
this tj'pe of patient, well eumpensatefl, suffers frooi that train of cardiac 
symptoms found in the so-called cardiopathic individuals, in whom there 
is no organic disease. Dnxibtless the knowledge of the presence of organic 
trouble plays a role in miduly directing the patient's attention to other- 
wise trivial symptoms. To some extent, als€>, I have found that this 
neuropathic tcmleney has been caused by consultation with physicians 
who have exaggerated the imptjrtance of the physical aUment and have 
not sufficiently relieved the mental disquietude and fear of sudden death 
which exists in many patients with caniiac disease. Naturally, where 
pathological changes are present, it will require careful discrimination 
betTJk-cen the so-called neuroUc sjTiiptoms and those emanating from the 
organic lesion. In those in whom the diagnosis of an added neurotic 
ailment has been esiablished, the hydrotherapcutic measures already 
outlined exerciise a ver\- favorable influence, Hegartling the special 
procedure to be employed in individual instances, it is necessary to 
remember that in no case should early treatments be so brusque or 
rigorous as to frighten or in any way upset the patient. Tepid baths 
or sponges should be employed at first ; later, more vigorous measures — ■ 
cool sprays and showers — maybe used. In this manner, the neurotic 
sjTnptoms, which are very real and often disheartening to the patient, 
may gra<lually disappear. 

Carbon Dioxide and Oxygen Baths. — In a different therapeutic 
category belong those baths in which tlie water is naturally or artificially 
chargtd with carbon dioxide or oxygen. The pas bubbles surround the 
body of the patient, prwluce a sensation of warmth, and cause dilatation 
of the superficial vessels. The claim is made that by the use of these 
gas-impregnated baths, congestion is relieved, the pulse rate slowed, 
d\-spna'a decreased, and the overburdenetl heart correspondingly 
benefited. There are conflicting reports regarding the effect of these 
baths upon blood pressure; it is raised according to some, lowered 
according to others. In those 1 have obser\'ed, there was no constant 
rise or fall of the systolic blood pressure following the baths. There 
seems little room for doubt, that, when taken at Spas and health resorts, 
gas-impregnated baths are of benefit; this is not, however, because of 
their direct effect upon the circulation, but because of the difference 
in environment and enforced rest from business and worrj', and btwause 
of the more moderate diet and more regular an<l physiological mode of 
living. The baths act upon the circulation in the same manner as a 
mild stimulating exercise, and, in my opinion, upon this alone rests 
their efficacj' upon the circulation. Their use should therefore be 
limited to well-compensated patients or to those with mild disturbances 
of compensation. Even here, the baths should not be prescribed uni- 
versally, but only to those in whom observation hasshown a good reaction 
during and following the bath. Cold extremities, a sense of exhaustion, 
rapid breathing, accelerated pulse rate^ dyspnoea, constitute distinct 
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contraintiications. I regard die poissible effect upon the Mood pressure 
OS of less importanee. 

The usual routiDe of a senes of earbooated baths ^veu at Naoheim 
consists of a Hir^t immeniioti lasting from five to seven minutes in a bath 
of the temperature of 95° F. The temperature of the succeeding^ baths 
is griwiually reduced to about 86** F. and the immersion time slowly 
increase*! to 20 minutes. The bath is omJtted everj* third or fourth 
day. A full course consists of two series of 20 baths each, with 
an interval of three or fout weeks. Oxygen and 'Xauheim' car- 
bonatefl brine baths can be prepared at home by dissolving salts 
prtHhicing ox>'gen and carbon dioxide gas respectively', in a proper 
quantity of water. Naturally the graitest disadx-antage of such home 
baths is that there is no change of environment, with all its attendant 
and imp<jrtiint beneficial features. However, in the group of cardiac 
patients already described, who suffer largely from neurotic in addition 
to organic complainte, gas-impregnated baths, even when taken at 
h<jme, may be fiillow<^l by excellent results. 

Types of Patients Suitable for Spa Treatment. — The questioii 
frequently and insistently anses in private practice as to the cla,ss of 
cardiac patients who should be sent to the continent for 'Xauheim' 
treatment. Nauheim is mentionwl becaa'se it is the most pmpular and 
best known among the patients themselves. Until some American 
health resort become:> as [x^jular and can offer the same or similar 
well-balanced facHities for restful environment and medical supervision, 
the question must be fairly met and intelligently considered. The 
answer rattst depend, not upon the tj^je of vahnilar lesion or cardio- 
vascular di.sease, but chiefly upon the state of canliac compensation. 
Patients severely decompensatetl , for example those sufTering from marked 
eflema, cyanosis, and dyspnoea, should be advised against taking a 
trip aljroad for Spa treatment. They are more benefited by proper 
treatment at home. There are some patients, howe\'er, otherwise 
intelligent, who will go to almost untold risks and expense to achieve 
what they conceive to be a life-saving cure, and this tlirectly against 
medical advice, I ha\'e (>hser\'ed several such patients who returned 
home worse than when they left; very few were improved. One of 
those not benefited was a physician with marked cardiosclerosis, edema, 
and cyanosis, who left for Europe against advice ; he returned home a 
few months later in ejrtrfmu. The patients I have found most improved 
were those who, liesifics mild decompensation, were nervous, high-strung, 
or worried, and who at the foreign Spas were able not only to have 
enforced rest and quiet, but also to quickly divorce their minds and 
tlioughts from domestic and busine-ss cares. It is to individuals of this - 
type that Spa treatment shoidd be recommended with the great prol>- 
ability that it will be followed by good results. 

TonsiUsctomy is discussed in this connection because it has assumed 
much importance since the demonstration that the tonsils are often 
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tile portals of entry for endocaHial infections. Tonails which are 
palpabK' diseased or which become frequentlj- infected, should be prop- 
erly and thoroughly removed if the general condition of the patient 
warrants it. This statement also applies to adenoids. However, I 
hold conjiervative views regarding the removal of apparently healthy 
tonsils with the idea of preventing the further spread of endocarditis. 
1 believe that when valvular tlisease is already present, the removal 
of small and healthy lot»king tonsils cloe-s not tend to prevent reinfection. 
This view is not invalidateil by the fact that tonsils which look normal 
in the tliroat show, upon removal, various pathological changes, both 
macro- and microscopically. Because of their function as filtering 
agents and constant contact with, and exposure to, bacteria, the tonsils 
can scarcely ever represent normal lymphoid structiu-es. It is still a 
moot qu(«ition whether recrudescences of endocarditis have been pre^ 
vented by the routine anil radical practice of tonsillectomy in all children 
witli vahTilar lesitms. Thus, in one excellent report, such tonsillec- 
tomies did not affect the frequency of recurrences, nor the course of the 
disease. 

Eztraction of Teeth. — As the result of careful and long-continued 
observiititin. I hcliex c that endocarditis in itself does not warrant more 
radical or careful dentistry than is usually required for diseased teeth 
and purulent foci in r»ther otherwise normal individuals. Dentistrj' 
here as elsewhere should follow sane lines. As with tonsillectomy, I 
regard routine extracti<»n for the prevention of endocarditis as uncalled 
for (Chapter XI). Extensive extractions upon the supposition that 
exceedingly small pus ftwi frequently produce endocarditis is in my 
opinion umvarrante<l by general clinical experience and by the negative 
results following such practice in patients with endocarditis. 
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CHAPTER XVII 



DIET, AND EENAL AND BLOOD TESTS IK CARDIAC DISEASE 

Prom the dietetic standpoint, and because of the frequent correla- 
tion of cardiac with renal disease, it is necessary to" make a clinical 
distinction between purely cardiac cases with no or verj- slight secondary 
renal involvement, and those in whom renal involvement is the primary 
or predominant feature. It is also necessary, in both tjpes, to remember 
that we are dealing with chronic conditions, and that the dietetic 
r^ime wUl have to be carried out for months and years. Hence the 
diet should not "be unnecessarily harsh or restricted, and consideration 
should be given, as far as jwssible. to individual idiosjTicrasies and 
tastes. 

In patients with compensated valvular disease with or without 
hjTicrtraphy, without renal involvement or hypertension, it is not nec- 
essary to make any radical change from the usual dietarj' of balanced 
rations of an individual in healtli. There is no necessity for strict ob- 
8er\'ance of any special diet, nor for the limitation of fluids. On the 
other hand, there should be sensible restriction about excesses of any 
kind of focxl or drink. 

The Use of Beverages. — To patients who have been accustomed 
to small amounts of ak-oliol in the form of beer or light wines, I have 
been in the habit of allowing a slight amount of these beverages, pro- 
vided observation shows no tleletcrious effects upon the circulation as 
noted by the pulse rate and blood pressure. I have usually limited 
the amount to one glass of beer or to a small glass of light wine taken 
at the principal meal. I have observed such patients for years, and 
I have found no ill effects upon the cardiac condition ascribable to tJiis 
practice. Similarly, if patients have been in the habit of taking 
tea or coffee without any ill effects, a cup of weak tea or coffee may 
be allowed daily. In obese individuals, the carbohydrate and fat 
intake should be somewhat restrictetl in order to produce some loss in 
weight ; but this should be a gradual process and so fitted to individual 
needs that the diet does not become irksome, and hence apt to be given 
up. As substitutes for carbohydrates and fats, cabbage, spmoch, 
lettuce, beans, carrots, an<l mushrooms may be suggested. 
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Those with m^ocardiAl insuffidency atid dyspiKes wtthoat edema 
are usoalty too ill to rclL^h u normal amouot of sulkt food, so that 
the patient's own timitntiona and dietetic inctinatioDS are usually 
sufficiently safe guides. But in view of the possibility of visceral 
stasis and of edema, the fluid intake shoxdd be somewhat restricted ; 
about 5(K> C.C. in addition tu solid and semisolid oourishmeDt b a safe 
limit. In cmses-of myocardial insufficiency' with edema, pleuritic trans- 
udates, or marked visceral congestion, a strict Karrell diet for several 
successive days or in courses of several days each, aa already outlined ia 
the diacassion of theobromine {Chapter XVI), is an excellent aid to 
drug tberapeusis. The Karrell diet reduces the salt intake to a mini- 
mum. Even after di^ppearance of edema, and when compari3<.>n of 
the. salt intake with its output in the urine proves a normal relation- 
ship and no chloride retention, only a moderate amount of salt should 
be allowed, in order to overcome any tendency to edema by salt reten- 
tion. 

The importance of diet in those cardiorenal case$ in which the 
kidneys espec-ialJy require attention requires a brief account of some 
of the modem metbotb of kidney sttidy and diagnosis, and their corre- 
lation with did and therapy. Besides the routine examination of tlie 
urine for normal and abnormal chemical and microscopical constituents, 
other methods have come into use to estimate renal function and effi- 
deney by the power of elimination of certain substances or foods taken 
intepnally or given subcutaneously. The status and value of some of 
these tests and their correlation with clinical data have not yet been 
definitely fixe<l. Two of the^se tests comist in tlie study of iodide of 
potash excretion, and of the elimination of lactose injected intrave- 
nously. Both of these have been p^acticaIl,^■ discarded. The first test 
rctjuires a long time fur its completion and gives inaccurate results; 
the lactose test is too cumbersome and is likewise inaccurate. Probably 
tJie most imp^J^ttlnt methoti at the present time consists in the estimation 
of the excretion ptTcentage in the urine of a dye which is injected sub- 
cutaiieomly. Phenolsulphophthalein is usually chosen for this study. 
Briefly, the rnethml employeii is as follows : — 

Twenty minutes ttj one-half hour before the injection, the patient 
in given 20() to 400 c.c. of water. The patient is then catheterized. the 
time noted, and the catheter kept in place. One c.c. of a carefully 
preparetl sterile solution, containing G m.g. of the dye, is injected intra- 
muscularly ill the lumbar region. The urine is allowed to drain into a 
test tube which contains a drop of a 25 per cent sodium hj'droxitle 
!K»luticin, and the time of the appearance of the first pinkLsh tinge is 
note<K The catheter is then withdrawn and the patient is asked to void 
into two different receptacles at the end of one and two hours respec- 
tively, Suflicicnt 25 per cent sodium hydroxide solution is added 
to make the urine decidetily alkaline. This causes a yellowish or orange 
color in acid urines which suddenly changes to a brilliant purplish 
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red when the urine becomes alkaline. Sulfieient water is now 
added to each specimen to make 1000 c.c. The solution is mixed; 
a small portiun is then filtereil and compared with the standard color. 
In those patients seen in ofiGce consultation, where the phthalein test 
seems of value, 1 have employed the following routine : The patient is 
asked to void ; he is then g\ven a glass of water and the rl.^ e is injected. 
He is sent home and is asked to void his urine two hours after the in- 
jection ; this specimen is then examined for the percentage of dye 
excretiim. I have found this methwl sufficiently' exact for ordinary 
purp«ises ; it obviates the necessity for catheterization, and requires 
very little time. 

As colorimeters the Dunning. Hellige, or Duboseq instruments may 
be used ; or one can manufacture as I ha^'e done a practical and suffi- 
ciently accurate colorimeter by using a series of bottles or tubes which 
contain tlie solution of phenolsulphophthalein in multiples of .5 percent ; 
the tubes are sealed and their respective percentage labeled ; they 
may then be used as color standards. If the dye first appears in the 
urine within lo minutes of the time of its injection, and 40 to .50 per 
cent is excrcte<l within two hours, the test is regardetl us normal. For 
clinical purposes, the two-hour excretion test alone is sufficient; this 
saves catheterization of the patient. In both renal congestion secondary 
to drculatorj' disturbances ami in contracted kidney, the percentage 
and output in two hours is usually decreasetl. It requires the clinical 
examination to determine which of the two factors — renal con^festion 
or primary nephritis — is the cause of tlie decreased phthalein output. 

For the purpose of testing quantitatively for urea, salt, and water 
output in the urine, a babnccfl diet containing a measured amount of 
solids (starches, sugar, fats, proteids, and salts) and of fluids (milk, 
water, tea) is given. Schlayer's diet or some modification may be 
employe<l. An excellent and well-balanced ration is that prescribed by 
Mosenthal for testing the renal function. Tins is as follows : — 



Nephbttic Test Diet 
All food b to be salt free. 

Salt for each meal is furnisihed in weighed amounts.^ 
All food or fluid not taken must be weighed or measured after meals, 
and charted. 

Allow no fotnl or fluid of any kind except at meal times. 
Note any mishaps or irregularities that occur in giving the diet or 
collecting the specimens. 



■ Oae capsule of salt, cont&iiung 2.3 f^ni. of aodium chloride, is rurnisbed for 
eafih tBBAl. The salt wbich is not cunsumeil is r(>tumcd to the laboratory, 
whiBK it is weighed, aad the actual amount of aalt takca is calculated. 
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Breakfast, 8 a.u. 



DtNNSR, 12 NooH. 



Boiled oatmeat, 100 gm. 
Sugar, 1-2 tt'aspoonful 
Milk. 30 r.c. 

Two slices bn»ad (30 gm. each) 
Butter, 20 gttt. 
Coffee, IIjO e.c 1 
Sugar, 1 te&Bpoonf ul ] 200 e.c. 
Milk, 40 c.c. J 
MUk. 200 c.e. 
Water, 200 o.o. 



Meat Soup, 180 o.c 
Beefsteak, 100 gm. 
Potato (baked, mashed, or boiled), 130 gm, 
Oreeo vegetables, as desiretl 
Two hUccs bread (30 gm. eaeh} 
Butter, 20 gm. 
Tea, 180 o.c. 1 
Sugar, 1 teaspooaful } 200 c.o. 
Mflk. 20 CO. J 
Water, 250 e.o. 

Pudding (tapioca or rice,) 110 gm> 



Supper, 5 p.m. 



Two eggs, cooked in any style 

Two sticea bread (30 gm. each) 

Butter, 20 gm. 

Tea, 180 e.c. 1 

Sugar. 1 teaspoonf ul } 200 c.e. 

Milk. 20 C.C. i 

Fruit (atewed or fresh), 1 portion 

Water, 300 e.c. 



8 A.M. — No food or fluid is to be given during the night or until 
8 o'clock the nest morning (after voiding), when the regular diet is 
resumed. 

Patient is to empty bladder at 8 A.M. and at the end of each period, 
as iniiicatetl Itelow. The specimens are to be collected for the following 
periods in properly labeled bottles : 

8a.m-10a.m. ; 10a.m,-12n. ; 12n,-2p.m.; 2 P.M.-4 p.m. ; 4 p.m.- 
6 P.M. ; 6 P.M. -8 P.M. ; 8 p.m. -8 a,m. 

Outside of hospitals, as in sanatoria or at home, a similar dietetic 
regime can be carried out if, instead of quantities measured in grams 
and cubic centimeters, their known equivalents in cupfuls, glasses, and 
teaspoonfuls be substituted. Tliis is a modification that I have carried 
out where careful weighing of the various food constituents could not 
be done, and I have found the results sufficiently accurate for clinical 
purpo-ses. 

The amounts, specific gravity, and sodium chloride content, and the 
urea determination by the hypobromite method or preferably the 
nitrogen content by the Kjeldahl method arc separately determined 
for each two-hourly specimen, and also for the night specimen. In 
other words, there are s\x determinations for the day, and one for the 
night specimen. In this manner, besides other data, a comparison of 
the amounts and specific gravity of the day and night urines is made. 
If tlie specific gravity is low and shows only slight variations in the 
dilferetit spetrimens, and the night urine is larger in amount than that 
voided during the day, this speaks for the presence of a chronic intersti- 
tial nephritis. 
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Because of evaporation by the lung and elimi nation of water by the 
skin and intestines, the amount of urine is normally less than the fluid 
intake. Approximately all scKlium chloride, and about 9(1 per cent of 
the nitroReti Ingested, is excreted by the urine. Thus, the chemical 
urine tests above indicated give valuable information regarding the 
retention of salt and nitrogenous protlucts in the body. 

In order to determine which of these chemical tests is of most clinical 
value, I have added in a .small series of cases a study of the non-protein 
nitrogen in the bltHKl, the estimation of carbon tlioxide tension of the 
expired air by means of the Fredericia apparatus, and the phtlmlein 
output ; I have also observed the alkali tolerance of the urine by giving 
the patient measured amovmts of bicarljonate of stwla until the urine 
became alkaline. I have not yet arrived at any definite conclusions. 
However, I belie\'e that a \'cry careful study of the clinical phenomena, 
of the amount and concentration of the night urine, and of the ordinary 
examination of several specimens of urine taken within 24 hours, wiU 
allow us to judge with sufficient clinical accuracy the amount and tj-pe 
of the retained excrementitious products and even of the tlegree of 
renal insufficiency in the majority of cases. In other words, clinicians 
may soon hope to reap the advantages of the careful scientific work 
of the laboratory by comparison of its results with ordinaiy bedside 
methods. 

Chemical examinatioii of the blood has assumed great importance, 
especially since simpler and accurate methods have replacefl the former 
cumbersome and less accurate determinations. The important constitu- 
ents sought for are non-protein nitrogen, creatinine, and uric acid. The 
knowledge thus gained is not yet fixed or positive, but there seems 
to be a correlation between an abnormal amount of non-protein nitrogen 
retainetJ in the blood, a decreasefl phthalein output, and clinical evidence 
of a severe nephritis of prctlominant vascular type. Not only has our 
diagnostic and prognostic knowledge been enhanced by these blood 
examtnatitins, but the dietary of nephritis has assumed a more rational 
and .scientific aspect. The subject of salt restriction has already been 
tnenlione<l. In nephritics with abnormally increased amounts of non- 
protein nitrogen in the bloo<l, a low protein and high oirlwhydrate 
diet is indicated. The amount of fluid shoultl be restricted if urine 
measurements show decreased eliminatitm of water. If the amount 
of urinary excretion is normal, it is advisable to occasionally allow 
large quantities of fluids — as much as several liters within 24 hours — 
in the attempt to flush the system and thus get rid of toxic products. 

In nephritis with excessive and abnormal amounts of non-protein 
nitrogen in the blood, attempts have hwn niiule to tlierapeutically 
athtck the disease upjjn a chemical basis. .Sugar s<)lutions have been 
administered intravenously or by the Murphy drip. In cases of lessened 
blood alkalinity (.so-called acidosis), I have in several cases given in- 
travenous injections of 500 c.c. of a 5 per cent solution of bicarbonate of 
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smla. One instance was that of a patient of 64 with carHio-nephritis, 
regular pulse, hypertension, general anasarca, and nocturnal dyspmria, 
who had tieen ill over one year. Therapy consisting in digitalis, theo- 
bromine, appropriate fJiet, and oc^-asional Karrell days over a period 
of several weeks, had onh' a very slight influence upon the sjTnptoms and 
course of the disease. 5(X) c.c. of blood were withdrawn by venesection 
and the same amount of a 5 per cent bicarbonate solution injected. 
Within 24 hours impro\ ement began and continued uninterrupt«lly. 
At the end of two weeks, etiema and dyspncea had entirely disappeared. 
In another case, a man with cartliovasc-ular difiease, a systolic blood 
pressure of 250, aortitis, very marketl left ventricular hj"pertrophy, and 
attacks of nocturnal dyspnoea relieved only by morphine, a similar 
procedure was employed. The injection was followed by improvement 
for several <lays. In less urgent cases I have tried venesection combined 
with a 10 per cent bicarbonate solution per rectum given by the Murphy 
drip. Possibly a simple bedside method like the use of the Fridcricia 
apparatus for the determination of COj content in the alvef>lar air 
may give sufficiently accurate estimations parallel to the chemical 
examination of the WchkI for acidosis, and thus be of advantage in 
determining the cases suitable for alkaline therapy. 
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CHAPTER XVIII 



MANAGEMENT OF CARBIAC DISEASE — MABBUGE IN 
WOMEN WITH VALTULAB DISEASE 

Asm£ from therapy and diet, other questions regarding the manage- 
ment of compensated and decompensated cases of cardio-vascular 
disease arise. St>me of the commoner of these are: Shall a patient re- 
turn to work? What tj'pe of work shall he follow? Shall medication 
be fotrtinued and, if so, how long? How shall reinfection be prevented ? 
Shall women with heart disease be allowed to marry ? 

With rrsiMTttotht'sccjiiestifmi^, no niiitttT what the typeof lesion, there 
arc two preliimii&ry fundamental considerations to be determ inefl^ nam eJy : 
the degree of compensation and tiie state of quiescence of the disease. 
With quiescent rumpeusatcii lesions, valvular or myncanlial in nature, 
the main restriction regarding exercise should Vte the kind, rather than the 
amount, provided always it be well within the patient's cardiac reserve 
power. This statement requires some modification, for the tj-pe of 
canliac diseaiw plays a role which requires some individual discrimina- 
tion. For example, ^latients with tremendous hypertrophic left ven- 
tricles from aortic valvular lesions are scarcely able to maintain long- 
continued effort without soon encroaching upon their cardiac reserve. 
In general, however, it may be stated that even quiescent compensated 
cases should avoid all exercises which call for sudden or sharp exertion, 
as swimming, running, and tennis pla\nng. On the other hand, golf 
is an excellent form of moderate exercise. It entails the necessity of 
being away from business and out in the open for a number of hours, 
in themselves very rlesirable. In exercise as well as in work it should be 
empfhasizetl that patients should keep well within their individual 
limits of fatigue. 

The question of occupation and vocation for patients with cardiac 
disease has recently received wide consideration from the lay as well 
as from the medical standp<»ints. It is gradually being recognized 
that many individuals with cardiovascular disease are not thereby 
necessarily precluded from attempting to earn a livelihootl, and that, if 
proper work be chosen, they may become self-sustaining members of the 
community. Occupations and voi-ations at which patients sit or stand 
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are^preferable to those which require walking or stair climbinp. Posi- 
tions in counting houses, clerical work, draftsmaiisliip, light manu- 
facturing industries, working at lathes or small machinery, watchmen, 
are examples of the work which these patients may safely follow^ ; but 
just because of these sedentarj- and easy occupations, exercise out in 
the open, chiefly walking, should be advised. It is, I believe, a thera- 
peutic error to attempt to avoid all circulatory strain by having these 
patients pass an almost musculttrly inert existeace, for it is only by 
mildly stimulating the circulation by appropriate gentle exercise that 
the heart and circulatory apparatus are kept at their proper individual 
level of efficiency. In this respect the heart does not differ from other 
weakened muscles whose strength is enhance*;! by moderate, well-planned, 
and individualized exercise. Mild, appropriate dumb-bell exercises and 
other calisthenics should be advised when walking is not feasible, or 
as additions to the latter. 

In this connection, a brief account of tunctiona! efficiency tests 
for estimating the cardiac reserve power is appropriate. Various tests 
have been proposed to estimate the muscular efficiency and working 
power of the lieart. A fluoroscopic eKamination is one means which 
has been employed. If orthodiascopic observation reveals an increase 
in the size of the cardiac outline after exercise (i.e. if the heart dilates 
instead of contTacting), it is regarded as a sign of an inefhcient 
heart; while if contraction follows exercise, the heart is regarded as 
efficient. Differences in systolic blood pressure following exercise, and 
differences in pulse pressure in the standing and sitting positions, are 
also employed as guides of cardiac sufficiency. An attempt has like^ 
wise been made to estimate the muscular efficiency and cardiac load by 
a standard quotient obtained by dividing the pulse pressure by the sys- 
tolic pressure, Another formula consists in estimating the heart load 
as the resultant of the division of the pul.se pressure by the diastolic j 
this should normally approximate 50 per cent. Still another test for 
functional efficiency consists in the observation of the time required 
for the blood pressure to return to its level following exercise. It has 
been found that, in normal individuals, the systolic blood pressm-e is 
raised immediately after a moderate amount of work. With more 
severe exercise, the maximum systolic pressure is not reached until one 
or more miiuites after exercise had ceased. This observation has 
recently' been applied in a study of the functional capacity of diseased 
hearts; instead of an ergometer the foot pounds of exercise or work 
are computal by the use of dumb-bells and bars of various weights; 
these are lowerctl and raise*! a certain number of times to known heights. 

Objection to Functional Efficiencjr Tests. — It appears to me that 
there are several objections to the variouii methods of using blood 
pressure readings as tests for cardiac efficiency. Blood pressure de- 
pends uptm important factors other than systolic output (Chapter 
XIX); the cardiac rate in circulatory failure often increases dispro- 
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portmnatety tn pulse pressure; increased carritac work does not neceg- 
sarily imply increaseii systolic output or increased blood pressure; 
the state of venous distention in the splanchnic area — an unknown 
factor because it cannot be measured — - may considerably influence 
and vitiate the calculations. Finally, the various estiraaliuns can only 
give temporary information regarding the circulation at the time the 
tests are made. Far simpler, more readily applicable, and apparently 
as accurate as the above tests, is the usual clinical method of observ- 
ing the patient during various forms of exercise — standing, walking, 
fiending, etc., — and of estimating the cardiac reserve by noting the 
rapidity of pulse and respiration, dyspnoea, and such subjcctix e sensa- 
tions as discomfort and exhaustion. Information derived from the 
patient's subjective sensations is of special importance, and cannot 
of course be calculated by any instrumental method. The above 
routine can be further amplified in appropriate cases by allowing the 
patient to follow hh onlinary occupation, if not too laborioii.s, for part 
of or the entire day, and then noting the effect upon his circulation and 
cardiac reserve. Such data, in addition to a very careful clinical ex- 
amination, are, I believe, preferable to mathematical " efficiency tests." 

When, in cardiac disease, compensation has long since been estab- 
lished, drugs of the (ligitalis group are not indicatal. It is, however, 
very important to decide whether a patient who suffers only occasionally 
from cardiac failure should continue medication after compensation 
has been restored. This lias already been partially discussed (Chapter 
XVI), WTien signs of cardiac failure occur readily after moderate 
exercise, patients should be continuously under the effect of some digi- 
tidis preparation. This is especially true of the cardiac failure accom- 
panying auricular fibrillation ; prolonged compensation can be best 
maintained by administering small doses of digitalis for stated periods ; 
for example, for one week and then discontinuing the drug for a similar 
or longer periofl. Thereafter smaller doses may be administered in a 
similar manner. In patients with rh.\1;hmically beating hearts, in whom 
tachycardia is one of the signs of decompensation, the bromides may be 
of value in addition to digitalis. 

MarriaQ£ of Women with Valvul.ui DiSE.iSE 

This question is one which requires careful consideration. The 
possible dangers arising from marriage are twofold ; the strain and 
excitement incidental to coitus and that from pregnancy. Rcgartling 
the former, I have seen several instances of hemoptj'ses immediately 
following coitus in patients with auricular fibrillation, and in one with 
caniittsclerosis and h%'pertension, I have als<) observed several in which 
intercourse was followed by violent tachycardia. With one exception. 
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the cardiac condition of these patients would have been considered furly 
satisfactory under usual conditions. 

The marriage question cannot always be settled upon the grounds 
of health alone, although that is naturally the phase of importance to 
the physician. Some writers maintain that patients with heart disease 
should never marry, no matter what the type of lesion. I believe 
that this view is extreme. One frequently encounters mothers of large 
families who doubtless have had valvular disease for many years, and 
who have gone safely and normally through pregnancy and parturition. 
Many of these patients were never aware of their disease ; in some the 
lesion was discovered in the course of a routine examination. 

Marriage should naturally not be considered at the time when the 
patient shows the slightest degree of decompensation. In those who 
have only recently recovered from heart failure, it is a safe rule to in- 
terdict marriage until at least two years have passed without further 
break in compensation. An exception is noted later in reference to aortic 
lesions and extreme cardiac hypertrophy. The interval mentioned — 
two years — is of course purely arbitrary, but seems to agree best 
with clinical experience. The same time should be set regarding the 
interval of freedom from inflammation in valvular lesions. If, for 
example, there have been rheumatic endocarditic recrudescences, as 
shown by louder murmurs, slight febrile attacks, pericarditis, tachycardia, 
arrhythmias, or other clinical manifestations, marriage should not be 
advised, for the chances are that another outbreak will occur before 
one year has passed. In short, marriage (and pregnancy) may be 
considered safe if excellent compensation and freedom from endocudial 
exacerbations persist during the two-year period. The physician who has 
not had the opportunity to observe the patient within the prescribed 
antenuptial period must necessarily be guided by the history and the 
physical signs. 

Of the two factors, decompensation and quiescence of the lesion, 
I believe that the latter is the more important. In my experience, 
more danger and more fatalities have resulted in subsequent preg- 
nancies from marriage occurring when lesions were active than from 
mild decompensation. Pregnancy seems to light up dormant or only 
partially active cardiac processes. Cardiac symptoms often begin 
early, sometimes in the third month of pregnancy. At the beginning, 
simple or paroxysmal tachycardia may be present. Slight fever may 
appear; when due to endocardial exacerbations, its presence is of 
serious import. The occurrence of new or louder valvular murmurs, 
or of fresh pericarditis, may also furnish direct evidence of inflammatory 
recrudescence. Hemoptysis is not infrequent. As pregnancy advances, 
unless the above or similar manifestations recede or are checked, dysp- 
noea and cyanosis gradually supervene and, with them, the usual 
symptomatology of frank cardiac decompensation : edema, orthopnoea, 
enlarged liver, pulmonary congestion, etc. The greater circulatory 
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demands made by the growing placental and foetal circulation also 
play a r61e, in all pmbability. Labor, induced or sjx>ntaneijus, does 
not always temiinate the circulatory embftitassmeut, for in.sidinus 
endocarditis may continue, and death result from some complication 
or from circulatory failure. 

Fundamental considerations which refer to all types of vah'ular 
Ie»ion!4 with reference to marriage have already been mentioned. It 
now remains to partially differentiate between these upon the basis 
of clinical eiqierience. I have fnuml that rheumiitic mitral stenotic 
lesions are tlie most danpcerous to pregnant women. These patients 
readily develop paroxysmal or, moreoften, simple tacln canlia, which may 
last during the greater part of pregnancy. The rapid heart action itself 
may produce such dyspnoea or discomfort that the induction of pre- 
mature labor is indicated. Hemoptyses are common. Bronchitis 
with sibilant breathing and muctms r&les over the entire chest are not 
unusual. As occasional complications in the puerperium, embolic 
infarcts in the lower extremities or in the lungs may he nientirtned. 

The history of pregnant women with mitral stenosis anil aoricul&r 
fibrillation presents a varie*! cliniciil picture. Some of llicse patients 
date their first break of wjmpensatitm at a first or second pregnancy 
which had been carried to full term. On the other hand, I have observed 
cases who went through successive pregnancies with mitral stenosis 
and auricular fibrillation, with no cardiac complications or symptoms. 
One of these deserves brief mention : When first examined, she was 
fifty years old, with general anasarca, orthopncea, auricular fibrillation, 
a double mitral lesion, and an old rheumatic history. She had had 
eighteen children without cardiac symptoms. The latter began only 
three years after her menopau.se which commenced five years before. 
Another patient, fifty-three years of age, was the mother of five children. 
She had a rheumatic history and a double mitral lesion with auricular 
fibrillation for manj' years. During her pregnancies the cardiac symp- 
toms were very slight and of the same nature as those occurring when 
she waii not pregnant ; these consisted tn occasional dyspnoea and 
tachycanlia. 

There seems to be no way of determining in advance the favorable 
or unfavorable subjects for pregnancy in those with auricular fibrilla- 
tion, except by the method already outlined. Extreme caution in ad- 
viiiing marriage is, of ct^urse, necessary because of the known tendency 
of patients with auricular fibrillation tn decompensate. 

Patients with simple mitral regurgit&nt lesions are most fit for preg- 
nancy and most apt to go thrtmgh gestation wthout untoward cardiac 
complications. When the latter do (x-cur. they are usually of the mild 
decorapensatory type rather than due to recurrence of endocardial 
exacerbation. 

Pregnant women with ftortic lemons sulfer chiefly from tachycanlia. 
This is true of those with, as well as those without, marked ventricular 
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hypertrophy. In the latter, however, tachycardial attacks occur more 
frequently, are more readily invoked, and of longer duration. De^ 
compensation is comparatively rare in those with oiily moderate or 
slight hjTJertrophy ; when extreme, cardiac failure is apt to ot^ciir 
early in pregnancy, a tendency increased by the rapid heart action. 
Such patients nhould not be permitted to become pregnant even 
if the lesion in quiescent and compem^tioQ in the non-pregnant state 

In all types of decompensated endocardial lesions occurrinn; during 
pregnancy the question of the iudaction of abortion or of premature 
labor arises. Severe cardiac failure in early pregnane^ (before tlie fourth 
month) or slight decompensation which does not yield to treatment 
are absolute indications fur immeiliate emptying of the uterus. This 
indication is not vitiated by the fact that some of these mothers may, 
by protracted rest and methcation, carrj- the child to \'iability or ewn 
to fuJl term without further complications. The life of the mother is 
the prime consideration and should n«it lie jeopardized, as it would be, 
in an attempt to continue the pregiianty when cardiac decompensation 
b present at an early stage. My observation has Ijeen that an abortion, 
surgically clean and skillfully performefl, is only slightly if at all more 
dangerous in cartliac patients than if performetl for other reasons on 
those with normal hearts. I am also strongly in favor of terminating 
an early pregnancy if it is e%'ident that there exists a continuance or 
recrudescence of endocarditis. As already indicated, such evidence 
may consist in the onset of paroxysmal or constant tachycardia, of ex- 
trasystoles or otlier arrhythmias, of frequent hemoptj-scs, and of changes 
in the physical signs. 

If signs of decompensation, or of fresh endocarditis, appear between 
the end of the fourth month and the time of viability (die seventh 
month), in view of the somewhat more serious operative procedure 
requireil to induce miscarriage, the decision regarding either procedure 
hinges chiefly upon the severity of the cardiac complications. If de- 
compensation b mild or the evidence of fresh endocarditis not severe, 
appr(jpriate therapy should at 6rst be attempted fitr about a week or 
ten days. Should the symptoms then disappear and the patient !m- 
pnn'e, pregnancy may be allowed to proceiMl until the period of \ iahility. 
If decora pensation or endocanlitis do not react well to therapy or becume 
suddenly severe and threatening, it is much safer to induce miscarriage. 

In the interim between the seventh and the ninth month of gesta- 
tion the decision regarding the interruption of prt-gnancy in decom- 
pensated cases or in those with recrudescent endocardial lesions is not 
of such vital importance, because the premature induction of labor 
in pnaper hands adds scarcely any risks. The question of waiting a 
month or two until a more natural process of normal labor occurs 
must depend upon the cardiac condition ; that is, if there is any reason 
to fear the slightest increase of cardiac complications, it is both wiser 
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and safer to have pregnancy terminated soon than to wait until full 
term. 

Aside from the induction of abortion or of premature labor, the 
treatment of the various cardiac symptoms occurring during pregnancy 
is that already described in the chapters on endocarditis, arrhythmias, 
and cardiac failure. 
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BLOOD PRESSimE 



Ptiyaiological Considerations. — Blood pressure obsen'stion hns 
taken its place a:i a routine method of examination in clinical medicine. 
Its value and important-e in health and disease are ba^ed upon the re- 
sults of experimental physiologj', which demonstrated that various 
factors are concerned in the estimation of bloud pressure. These are : 
(I) Cardiac -Energy ; (2) Peripheral Resistance; (3) Elasticity of the 
Arterial Wall ; (4) Volume of the Circulating Blood ; (5) Viscosity of 
the BIockI. 

1 . Cardiac Energ?. — From the physical standpoint, cardiac work de- 
pends upon the umuui)|K>f and velocity with which the blood h pumpcf! 
into the arterial system. TUh in turn largely depends upon the amount 
of venous blotxl brought to the heart. If greatly diminished, as, for 
example, by section of the splanchnics, ventricular filling and, conse- 
quently, systolic output are considerably diminished. Otlier factors 
being equal, an increased volumetric output raises, a decreased output 
decreases, the aortal pressure. In tlie normal animal, the pulse rate 
is retarded by raising arterial pressure, and accelerated by lowering 
it. This reaction does not Uisually occur after vagus section; hence 
it is probably due to action upon the vagus center, partly reflex and 
partly direct. In animal!^, the centripetal nerve to this center is the 
ilepressor which sends terminal filaments to the ventricalar musculature 
and probably also to the aorta. If this nerve is cut or stimulated periph- 
erally, it has no effect upon the heart action or blood pressure. If 
its central end is stimulated, there is a marked fall in blootl pressure 
And heart rate. The depressor thus acts as a defensive mechanism 
against unduly high blocMl pressure. Its aortal filaments are stimulated 
by undue «listention of tlie vessel. 

2. Peripheral Reaistance. — With other factors unchanged, the 
blood pressure is increasetl with increased, decreased by lessened pe- 
ripherul resistance. The tension of the normal artery depends upon 
its tonus, which in turn chiefly depentls upon the vasomotor mechanism. 
To a lesser extent, this statement applies to some of the veins. Normal 
tone is governeil by a proper balance between the vasodilator and 
vasiKKiistrictor mechanisms, as derived from the regulatory center in 
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the medulla. There are other subslillari' centers in the spina! t'ord ; 
this is (ieroonstratetl by the fad that, after destruction of tlie bulbar 
center, the arteries gradually recover tlieir tone. In the experimental 
animal, general vasomotor tone is readily affected by distant and near 
reflexes. After stimulation of the tlepressor nerve tlie splanchnic ves- 
sels become dilated and blotxl pressure falls, but stimulation of all the 
other centripetal nerves raises blood pressure. The abdominal vessels, 
innervated by the splanchnics, have the greatest cfTect upon the general 
blood pressure because they can contain a large amount of blood and 
are easily influence*! rcflexly. It is important in this connection to 
emphasize that reflex lowering or raising the blood pressure does not 
simultaneously afl'ect vascular areas in the same way. 

3. ElASticity of the Arterial Wall. — Becau.se of their elastic dis- 
tensibility, a large pn^portinn of the force of ventricular systole is stored 
up in the larger arteries, which, by stretching and elastic recoil, act as 
a rese^^'oi^ of power after systole has ceased. By this means the strain 
of systole upon the cardiac musculature, as well as upon the arterial 
wall, is considerably diminished. If tlie arterial tree represented a 
rigid system, tlie sj'stolic bhv>d pressure, and hence the force of the 
impact, upon the arteries would be greatly increased. 

4. Volume of the Ciiculatmg Blood. — The possible content of the 
arterial and venous system.s is nmth larger tlian the actual amount of 
blood found in the body. The disproportion is equalizefl by peripheral 
contraction, hence blood volume has only a very slight effect upon blood 
pressure. 

5. Viscosity of the Blood. — It is evident that the degree of vis- 
cosity may ha\ e some influence upon blood pressure. Up to the present 
time, however, tliere are no clinical or experimental data which have 
any bearing upon the subject. 

All the.se factors are present in the human being as weU as in the 
experimental animal. Their value and importance vary not only rela- 
tively but absolutely from time to time, anil the blood pressure is the 
resultant of these variants. Although we possess no methmls or instru- 
ments by whi*'h individual agencies making up tlie clinical blood pres- 
sure can be separatel\' calculated, one shouh! at least attempt to gauge 
them by careful examination and by such significant data as the thick- 
ness of iialpable arteries, existence of plethora, etc. 

Clinical Estimntion of Blood Pressure. — The instruments which are 
used in tlie diniial cstiiiiiition of blood pressure are called sphygmo- 
manometers and are of two main tj'pes, the mercurial and the aneroid. 
Both fundamentally depend upon calculating the power exerted in 
partial or complete obhteration of an artery in terms of a column of 
mercury or of an aneroid pressure indicator, respectively. In its clinical 
application, the brachial is the artery chosen for compression. This 
is accomplished by means of a standard 12 cm. broad, inflatable cuff 
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placed around the upper arm. To the cuff are attached two tubes: 
one connected with the small metal or rubber hand pump for the pur- 
pose of inflation, the other connected with the mercurial column or an- 
eroid instrument. A disadvantage of the latter is that the spring may 
lose its resiliency and hence the instrument become inaccurate. If 
standardized sufficiently often by comparison with a mercurial sphyg- 
momanometer, the aneroid manometer is as useful for clinical pur- 
poses as the mercurial instrument. Its advantages are that it is made 
compactly, so as to he more reaflily carriefl about, and the dial can be 
read more conveniently than the millimeter markings in a column of 
mercury. 

Ann cuffs are of two tj^pes : one, stiff, made of leather ; the other, 
soft and made of clrith or sUk. Though either can be used, I prefer the 
soft cuff because it is pliable and more readily and quickly placetl in 
position. 

BloofI pressure esttmatinrLS of the brachial artery should be taken 
at the level of the heart. For this purpose, the elbow of the patient 
is placed comfortably upon a desk or tiible. Tlie cuff is then snugly 
appliefJ to the hare arm. The arm should be relaxed, otherwise muscu- 
lar tonicity tends to produce an incorrectly high blood pressure read- 
ing. Edema also causes abn<trmally high blood pressure, because much 
of the pressure within the cuff is used up in displacitig the edema. 

The introtkictinn and use of the sphygmomanometer have shown that 
the estimation of blood pressure by radial palpation alone is erroneous 
and untrustworthy. There are various methods of determining the 
systolic blood pressure by manometric readings; these are (1) the 
palpatory, (2) the visual, (3) the graphic, (4) the auscultatory. 

According to (I) t!ie palpatofy method, the systolic blootl pressure 
is that degree of cuJT pressure exerted on the brachial at which the 
radial pulse becomes no longer palj^able. (2) The visual method con- 
sists in compressing the brachial beyond the point of obliteration, and 
then gradually lowering the pressure by cuff deflation until the first 
mercurial oscillation becomes visible; this point marks the systolic 
LIihmJ pressure. In the (3) grapMc method, the merciu-ial manometer 
has an additional connectit)n with a rubber buFli inclosefl in a her- 
metically seale<l small glas.s globe ; the latter is attached to a recording 
tambour, so that differences, as shown by the merciu-ial oscillations, are 
toansmitteti to the tamlKiur and recorded on a revolving drum. 

(4) The auscultatory mctho*! is the one usually empl()yed because 
of its accuracy. The cuff is applied and inflatefl until the brachial is 
obliterated, tliat is, beyond tiie point at which mercurial oscillatiims arc 
visible. The stethoscope is then applied to the brachial at the bend of 
the ellxjw, ami the cuff is gradually deflated until sharp distinct taps 
are heartl • tliis marks the systolic blood pressure. In t.vpical instances, 
it is possible to separate the auscultatory phenomena into five distmet 
" phases." The first is the one just described and, as noted, establishes 
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the systolic pressure. The arterj' beneath the cuff being empty, the 
first pulse wave priKlut-ej* sudden arterial teiisi<tii with resultant short, 
popping sounds. With a gradual drop in blood pressure by continued 
deflation, the sharp tap gives way to a murmur, somewhat resembling a 
superficial, rough pericar<lial friction sound. This mark^ the second 
phase. It is probably causetl by sufficient blc»od pa.ssing under the 
cuff to prtwiuee .swirling arterial currents which mask tlie elick of tJie 
first phase. By further delation and coasequent lessened pressure on 
tlie brachial, this murmur ceases and the third phase begins. It is 
marked at the Wginning by short tapping sounds which, with continued 
deflation, gradually change to muffled taps; this is usually regarded as 
the beginning of the fouiA phase, and as marking the diastolic pressure. 
Some dispute exists regarding the etiology of the sounds in the fourth 
phase. It seems probable that, with the gradual approach of diastolic 
pressure, a steady arterial stream begins to &(m- Ix"neath the cuff be- 
tween the arterial pulsations ; this acts m a kind of buffer and thus pro- 
duces the muffletl and dull sounds characteristic of the fourth phase. 
The dull note is finally extinguished by a constantly increasing column 
of blood in the arterv', until all sfiunds cease. This marks the fifth or 
last auscultatory phase. The usual difference between the fourtli and 
fifth phiises is fntm 5 to S mm. of mercury. 

The various phases as outlinetl are not ahvaj^s well defined or dis- 
tinguishable. There are several T&riatioiis from the normal. If the 
brachial artcrj' is small, the separate phases may be indistinct or in- 
audible. Again, the first phase may not be represented by a sharp 
click, but b\' a murmur. Occasionally, the secon<l phase is entirely 
absent, especial'y in aortic disease with high sj^stoHc blood pres-sure. 
Such differences pnibably depend upon the ^'a^ying strength of ar- 
terial aldiea interfering with the usual sharp tups of sudden arterial 
distention. 

The marimAl norm&l blood pressure is still a matter of dispute. 
In a statistical table by Fisher representing 19,339 accepted candi- 
dates for life insurance, including ages from 15 to 60, tlie average 
systolic pressure was 129 mm. of mercury. As shown by these and 
other statistics and observations, it apjjears that 150 mm. marks tlie 
extreme normal systolic blotxl pressure of a health}- middle-A^ed indi- 
vi<iuaL The normal diastolic pressure in adult^s is from 70 to 9<) rnm. 
of mercurj'. There is a gradual rise in systolic and diastolic blood pres- 
sitre with advancing age. 

There are certain physiological variationa which must be borne in 
mind when taking blotHl pressure estimations. The syst<jlic blooti 
pressure is increaseti by expiration ; in forced expiration this may amount 
to 5 to 10 mm, ITiere is also a slight diurnal variation accounted for 
by differences in physical and psychical states of the individual at 
various times of the day. The blood pressure is lowest during the 
first part of natural sleep. The Ingestion of meals has a vftr>'ing in- 
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flueiice upon bIor>fl pressure ; this depends upon different degrees of 
vasodilation of the abdominal vessels with compensatory superficial 
vasoconstriction. 

There are certain factors which require brief comment because of 
their influence upon bkiod pressure. Moderate amounts of alcohol do 
not rcfjularly raise the blow! pressure in man. In the experimental 
animal, large doses produce a full in bliKxi pressure, due to an effect upon 
the vasoconstrictors and upon tlie heart. When smoking tobacco, 
there is a temporary rise of blood pressure from stimulation of the 
peripheral and central vasoconstrictor mechanism. Excitement ^ 
pleasurable or otherwise — sometimes produces a temporary rise of 
b|oo<l pre-S-sure. Exercise an<l muscular e.vertion have a similar effect; 
in young healthy individuals the b|<MKl pressure simn drops to its usual 
level; in the middle-ageil and <»ld, the rise of blood pressure represents 
a more marked reaction and lasts longer. Cyanosis may in itself be 
a cause of abnormally hiji;h blood pressure : hence therapeutic measures, 
like venesection and digitalis (which tend to diminish cyano.'ii.'i), may 
directly decrease existing hjiJertension. This is an important consider- 
ation in the treatment tt{ decompensation and hypertension in which 
cyanosis forms nn important element. Another factor in the produc- 
tion uf hypertension in some cases of arterial disease' is that due to 
bypertoMus; tins possible vausc fur error, however, can lie controlled 
and obviated hy repeated compression of the arter)' with the cuff. 

In general, frequent blomi pressure estimations are neccssar\' in 
order to arrive at the correct blwd pressure f>f the individual, and to 
obviate some of the disturbing physiological and other factors that have 
been mentioned. 

For the purpose of studying abnormal blood pressure in organic 
cardiovascular disease, I have found the classification I devi,sed, embrac- 
ing the vast majority of cases, to be of clinical value. Despite occa- 
sional overlapping, the predominant lesion or type is usually readily 
recognizetl. 

|(<j) Hypertcnsi vo cardiovaacular discaae with myocarditia. 
(b) Hj-pertfinsion and myocardial iusuffleietioy with labile vasomotor 
mecihaaisin. 
(c) Uremia. 

II. Mvocardial disease and insufRcienpy without hypertenaion, 

III. Valvular (li.%>asG and myocardial in,siifficieacy vnlh and without h^'perten- 

sioD. 

IV. Senile and premature arteriosclerosis. 

I (fi). Hypertensive cardiovascular disease with myocarditis in- 
cludes some i>i Lilt' fairly vvetl-flefine<l grou]ys of the older writers; for 
example, Iluchard's presclerosis, Gull and Sutton's arteriocapillary fibro- 
sis, von Hasch's angiosclerosis. It is becoming increasingly evident 
that the pathological basi.s of hv^pertensive cardiovascular disease lies 
chiefly in ilisease affecting the arterioles of the heart, kidneys, and 
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brain. As concomitant changes in the heart, there may be canliac hy- 
pertrophy (mainiy of the left ventricle) and moderate or advanceti aor- 
titis. The systolic blood pressure commonly varies from ISO to 230 
mm. of mercury, the average being 190 to 2(M). It is important to 
nute that there imiy exist no partillelism between the degree of hj^er- 
ten.sion and the extent of kidney invoI\ement, and that h.vjKTterision 
alone need not necessarily be of sjTnptomatic or prognostic importance. 
The average diastolic pressure of this group is about 100 mm. ; if renal 
iuvoh enient prednnii nates, diastolic pressures of 120 or over are fmmd. 

I (6). Hypertension and Myocardial Insufficiency with Labile T&so- 
motor Mechanism. — This group ctmsists principally of patients past 
middle life with only moderate hj-pertension and with normal or m<Hl- 
erately ele\-ated diastolic pressure. The chief characteristic of the 
blood pressure is its marked daily variation, being as much as 30 mm. 
of mercury. The symptoms referable to myocardial insufficiency are 
mild. The patients are usually stout or obese men ; the prominent 
phjTiical signs in the chest are those of bronchitis and emphysema. The 
palpttble arteries are not thickened, and nephritic s>mptoms not marked 
despite the presence of a slight amount of albumin and of a few casts 
in the urine. Pretibial edema is absent or only verj' shght. 

I (c). Dresua. — ^The cardinal svinptoms in patients of this group 
are headache, nausea, vomiting, varying grades of pallor, attacks of 
paroxj'smal dyspnoea, prerordial distress, and nocturnal poljniria. 
There are retinal changes of various degrees. ITie phenolstdpho- 
phthalein test (Chapter XVII) shows diminished output in two hours, 
the a\'erage lieing Iwtween 15 and 30 per cent. As a result of renal test 
meals containing weighed amounts of water, salt, carbohydrate, and 
nitrogenous constituents (Chapter XVII), and of chemical examination 
of the bk>od, we find as a rule low, fixed specific gravity Uit the day and 
night urines, decreaseil elimination of salt, water, and urea in the urine, 
and abnormal amounts of non-protein nitrogen and sometimes of uric 
acid in the blood. When uremic dyspnoea is market!, there is evidence 
of dimimshetl blood alkalinity (s4)-calle<l acidosis). This may be roughly 
estimated by determining the amount of bicarbonate of stxla, admin- 
isteretl internally, required to render the urine alkaline. Other more 
refined and direct methods consist in determining the carbon dioxide 
content of the alveolar air by the Priestly-Haldane bag or by the Frt- 
derica apparatus, t»r by testing the blood chemically according to the 
^'an Slyke methiKb It lias ref-ently been emphasizerl tliat the differen- 
tiation between the " cardiac *' and " cerebral " tj-pes of hjijcrtension 
can be made by careful observation of the diastolic pressure, which pre- 
sumably serves as the better index of the peripheral resistance. The 
diastolic pressure is between 120 and 1-10 in the " cerebral " cases, i.e. 
in those who suffer from such typical uremic signs as headache, vomiting, 
and retinal changes ; it is considerably less in those in whom ** cardiac " 
manifestations are especially prominent. 
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II. Myocftrdial Disease and Insufficiency without Hypertension. — 

Patientti in whom DiyocartJitis is the prtHlomiiiant pathological condi- 
tion show little or no hypertension. TJiediastohc pressure is sometimes 
quite low. so that, even with a normal systolic, there is an increase in 
the pulse pressure and hent'e in the caniiac load. 

III. Talvular Disease with Myocardial Insufficiency with and without 
Hj^ertension. — Tlie valx uiar k-sionii in which the systoHc blood pres- 
sure is liigh (without evi<lence of general arterial disease) are rheumatic 
alTectionis of the aorta, especially aortic regurgitation. In this, the 
blood pressure niay be Iwtween ISO and 2CKJ nun.; the diastolic pres- 
sure is abnormally low, the average being 40 to 25; it is occasionally 
zero. There thus exists a very marked cardiac overload. It has been 
shown that, in this vah-ular lesion, the systolic blood pressure in the 
femoral Is often much higher than in the brachial This difference 
I have found to be as liigh as 5«.) mm. of mercury in indlv klual instances. 
The normal difference between leg and arm blood pressures is from 5 to 
10 mm., hence the diagnostic importance of mea.suring the arm and 
leg blood pressure in cases of suspected aortic regurgitation in whom 
such usual clinical signs as typical miu'murs and the Corrigan pulse 
are absent. 

Unless arterial disease or cj'anosis is present, mitral le.sions are 
unaccompanietl by hj-pertension. With l)eginmng heart failure, the 
s^'stolic blood pressure may become subnormal. In combined val- 
vular disease of the mitral and aortic valves, blood pressure depends 
ujwn the clinically preilominant lesion. For example, if aortic regur- 
gitation is the more prominent, the bloffd pressure will be characteri.stie 
of that lesion ; if the mitral preiluminates, the pressure will be normal. 

rV'. Senile and Premature Arteriosclerosis. — Under this caption 
are groiipeti those cases with tortuous an<l thickened visible arteries. 
The heart valves and aorta present variims degrees of intimal thjek- 
ening and lime deposits; the main coronarics and their branches are 
thickened, there is marked myo-fibrosis, the heart may be small or only 
moderately enlarge*!. .Such patients often have only slight h\*perten- 
sion or even normal blood pressure, unless renal involvement is clini- 
cally markefl. 

In addition to the foregoing classified groups of organic cardio- 
vascidar disea,se, several other important conditions which have a direct 
bearing upon blmxl pressure estimations require brief description. 

Exophthalmic Goiter. — \ characteristic of this disease is the vari- 
ability of the bl<HKl pres.sure readings ; there arc marked differences 
from day to day. When the disease is of mixlerate severity, hyper- 
ten-Hjon is the rule, the range being between \G0 and 180 mm. of mer^ 
cur>'. Extreme h\'pertcnsion without accompanj'ing cardiovascular 
disca.se is rare. 

Lead Poisoning. — During attacks of lead colic there is usually a 
rise of the systolic blood pressure. This is attributable partly to the 
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pain present during the attack, hut chiefly to the spasm of the pe- 
ripheral arterioles. Pliunbistn which causes disease of the kidneys and 
arteries, and ends in nephritis and arteriosclenisis naturally produces 
hypcrteiisirtti hmiitse (»f the presence of these lesioiis- 

Incre&sed Intracr&mal Tension. — Ilemnrrliage, meningitis, and 
brain tumors are the usual causes of this condition- As a consequence 
of increased intracranial tension, cerebral anemia results, and with it, 
an increase — stjraetimes marked — of the systolic hhxMl pressure. In 
addition to the hypertension, other manifestations of cerebral anemia 
may consist in headache, vomiting, vertigo, choked disk, and true 
bradycardia. 

Cyanosis is so frequently found in broken compensation, that its 
effect in pnxlucing hj-pertension requires special consideration. Its 
action may l>e ascribed to an effect, in a milder degree, similar to that 
of the blooti in asphyxia. In the Utter direct stimulation of the vaso- 
motor center is assumed. Cyanosis in itself may frequently account 
for hj-pertension in decomi>ensation from any cause, for, with de- 
crease of cyanosis, the blood pressure often retiu-ns to the normal and 
remains there. Therefore, by treating cyanosis, diverse therapeutic 
measures such as digitalis medication and venesection may have a 
dire(-t and beneficial effect upon hypertension. 

Fnnctional Hypertension, Hypeipiesis. — Besides hir-pertension due 
to known pathological change or abnormal clinical condition, there 
remains a small group of patients in whom at present no cause for hy- 
pertension can be found. This has l)een termed hj-perpiesis. In this 
group may be mentione<i females approaching the menopause and a few 
sufferers from gastric disturbances of a neurotic nature. The follow- 
ing is a tJTJical case : 

Female, age 55, menopause 8 years ago. Some years pre- 
viously she had gastric sjTnptoms : belching, dizziness, and hunger 
pains. Her present complaints have lasted several montlis; these 
are dizziness, slight nausea, and at times l>elching. Dyspntpa, edema, 
or urinary changes are absent; the sodium chloride, water, urea ex- 
cretion, and sulphophthaleln output are nonnal ; the Wassermann 
blood reaction is negati\e. The amount of non-protein nitrogen in 
the blood is also normal. Physical examination reveals no evidence of 
cardiovascular disease. Despite all these findings the systolic blood 
pressure is regularly aljout 1!(K1, the diastolic normal. It is possible 
that such cases are referable to extreme susceptibility of tlie vaso- 
constrictor center to reflex influences. Until more of these ca.ses have 
been studieil by means of chemical examination of the blixxl and by funo 
tional urinary tests, and ha\'e been followed to necrops,^", they must for 
the present be provisioimlly reganled as of functional, non-organic 
origin. 

Hypotension. — This term applies to a group of adults presenting 
no evidence of organic disease and in whom the sj^toUc blood pressure 
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is about 100 in males. 90 in females. Some of these individuals are of 
rt>bu3t physique. They never suffer frtim decompen-iation. They often 
run a sjinptomless course and are then nnl\' accitlentaJly discovered in 
the course of routine clinieal examinations. If symptoms be present, 
tiiey consist of rapid fatigue foUowinj^ mixlerale exertion ; the vasomotor 
system is iiiLstable and susceptible to nervous influences of various kinds. 
The patients flush or become pale readily. They are excitable, often 
become dizzj' or complain of feeling faint; indeed, their symptoms 
overlap to a great extent those described under " Weak Heart " 
(Chapter XX). 

Blood Pressoie in C.uujuc Arrhtthmias 

It is sometimes important to estimate blood pressure when various 
tv'pes of pulse irregularities are present. The methods to be employe<l 
in the commoner of thc^c require brief description. 

Sinus AiThjthiiua and Heart Block. — Since tlie beats at the wrist 
are of equal force, only the routine methods are required for tlie blood 
presHure detcrminatioti. 

AltematLon. — There is a rhj-thmic sequence of stronger with weaker 
beats. The systolic blood pressure of the stronger contractions can be 
estimate<l in tlie usual manne-r. Their diastolic pressure can thus also 
be estimated if it be higher tliiui the systolic of the smaller beats. This 
fact is readily detcrminetl during the course of the examination by pal- 
pating the radial ; the number of ra<liat beats which come through 
will then be just ludf those at tlie cardiac apex. 

Coupled Rhjrthm. — The ten.sioii of the initial beats of the couplets 
in auricular fibrilltition with coupled rhythm is not identical, but tlie 
difference i."* usually slight, so that for our purpose the coupling of 
auricular fibrillation may be grouped with that occurring in extrasj'stoles. 
The systolic blood pressure of the initial stronger beats is calculated 
in the usual fashion. If the diastolic pressure of these is greater than 
the systolic pressure of the weaker contractions of the couplet, then 
again the usual routine in measuring the diastolic pressure of the 
stronger is followed. 

When eztrasystoles occur frequently, and at irregular intervals, it is 
necessary to use a s[>ecial methotl similar to that for auricular fibrillation 
(r/.r.) in order to estimate the systolic blood pressure. 

In aurieul&r flbrillatioii with gross irregularity in the force of the 
beats, the ordinar.v routine cannot be applicil, for it can only estimate 
the systolic blood pressure of the strongest, and the diastolic of the 
weakest beat at tlie moment tliat the blood pressure is taken. AVTien 
nil ventricular contractions are propagated as puUe waves, and the 
radial beats on palpation feel equal in force, my observations have 
shown that the pressures of the individual beats do not usually 
vary more than 10 mm. of mercurj'; hence the ordinarj' method of 
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estimating the systolic levels are guflSdently accurate for dinical 
purptwes. With ejctrerae irregularity in the strength of the rachal, 
and with many frustrate and abwrtive beats, variitus methods liave 
been devised to arrive at &n approximation of the actual blood 
pressure. AccordiniJ to one metluKl, that of James and Hart, the cuif 
and stethoscope are 6rst applied in the usual manner. These observers 
have ftmnd that, although the rate be irregular, the number of \'entric- 
ular contractions for each minute is approximately the same. Their 
procedure is as follows: the number of radial beats which pass under 
the cuff, between pressures of 150 and mm. of mercurj'. for 
example, are (xmnted, as well as the corresponding number of ventricular 
contractions occurring iluring the same time. The difference between 
these represents the nural>er of frustrate or abortive beats. Similar 
obst?rvations are then made for systolic blood pressures between 140 
and 130, 130 and 120, etc., until the sj-stalic bhxKl pressure of all the 
beats which pass under the cuff have been taken. The numljer of pal- 
pable radial beats found at the various bloofi pressures is multiplied by 
the highest systolic limit set for that group ; these prtxlucte arc added 
and then dividetl hy tlie corresponding heart rates at tlie apex. The 
result gives the " average " s\'st»)lic blm»l pressure. One objection to 
tlie metliod is that the " average " includes many abortive beats 
(called by the authors pulse tleficit) which have no effect uixin the cir- 
culation since they propel no bloo<l through the arteries. A better and 
more correct plan is to " average " the effective beats only, i.e. those 
that actually have some effect upon the circulation by the production 
of pulse waves. This is attempted in the " fractional " method of 
Kilgore, according to which the diastolic pressures are also calcidated. 
The systolic and diastolic pressures are plotted on a chart, tlie number 
of beats occurring at the various systolic and diastolic pr^sures being 
marked by points ; these are then connected s<.> as to form a smooth 
graph. In this manner it is possible to make fairly exact estimations of 
the blood pressure in auricular fibrillation. 



ThERAPECTICS of HvPEItTENSION 

This subject has been discussed in part in a previous chapter 
(Chapter XVI). Before remedial measures are considered, it is well 
to emphasize that hj-pertension is almost alwa,\-s a ctinservative or 
compensatory process. As a corollary, it follows that hyj>ertension 
itself does not necessarily require medication, fur it is usually but 
an index of the underlying cardiovascular or cardiorenal mischief. 
It is the latter which requires therapeutic attack. Another im- 
ptirtant consideration is that remedies acting upon the normal indi- 
vidual (or animal) may have an entirely different effect in hypertensive 
disease. This, I believe, is the main reason for disappointments in 



CLINICAL CARDIOLOGY 



the attempt to reduce blood pressure by vasodilators. They have 
been u^{ innumerable time^ to decrease bypertensioD, in most cases 
with no or only slight temporar>- results. Exceptions will be noted 
later. Their inefBcacy should be ascribed to the type of the patholoidcal 
change tinderlying hypertension. For example, arteriole* considerably 
thickened by disease, or in a state of hj-pertttnus, can scarcely be itiHu- 
enctsi by drug^ that exert their dilating power upon pliable arteries or 
under normal conditions of nerve tone. 

In some h\T)ertensive cases, there occasionally occurs a temporary 
sharp rise of blood pressure beyond the usual level for these indiv iduals. 
This rise is sometimes marked by dyspnoea, precordial pain, headache, 
and vomiting. It is in these that relief from abnormal h\pertension is 
especially desirable. 

The drugs usually employed in the reduction of blood pressure are 
nitrite of stnia. amyl nitrite, nitrufflycerin, spiritus aetheris nitrosi, 
erythrol tetranitrate, and ujannitul. In urgent cases, amyl nitrite 
in 5 minim pearls maj' be administered. Regarding nitroglycerin, 
the doses usually prescrilreri, from jj^f to -jJu of a grain three times 
daily, rarely results even in temporarj' blood pressure retluctions. If 
its administration is not followed by dizziness, 1 am in the hahit of pre- 
scribing much larger doses, as much as sj^ of a grain three times a day. 
In an experimental series of cases, for example, I have given as much as 
^ of a grain hypodermically. In those with uremia, the effects upon 
the blood pressure were disappointing. Even tliese large hj-podermatic 
doses only had an occasional or temporary etfect upon the blood pres- 
sure or symptoms. In others of this series, no constant result following 
nitroglycerin could be determined. Sodium nitrite, when eflScacious, 
seems to ha\'e a more lasting effect. Erj'tlirol tetranitrate has also been 
used with indifferent results. I have obsen'ed tlie best results whea 
the vasodilators were employed in those individuals whom 1 have 
grouped as " hypertension and myocardial insufficiency with labile 
vasomotor mechanism " iq.n.). These patients are rarely uremic; the 
hypertension is relieved not only temporarily but sometimes for a pro- 
longed perio<l. 

The action of iodide of potash, a drug frequently prescribed for the 
relief of hj'pertcftsion, is still in dispute. In view of our knowledge that 
syphilis is a frequent cause of cardiovascular disease, its occasional good 
^ects are to be ascribed, I believe, to its action upon the underlying 
luetic disease. 

Veuesectioii in all cases of hjTiertension with urgent s^'mptoms is an 
excellent tempt)rarj' therapeutic measure, especially in plethoric and 
cyanotic patients. From 400 to SCO c.c. of blood should be with- 
drawn. 

Hydrotherapy — hot packs, oxj'gen-, carbon dioxide-, or hot baths, 
or the electric light bath — has been advocated to reduce h>T)ertension. 
In so far as tlicy promote diuresis and perspiration, and thus rid the 
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body of toxic material, they may ha\"e some direct therapeutic value. 
Oxygen and carbon dioxide baths are followed by varjang and iiiwm- 
stant effects upcm the bkxHl pressure {Chapter XVI). The indications 
for these gas-impregnated baths in hjii^pertension depend upon the 
degree of decompensation, and, in tlie main, follow tliose indications 
already discussed for that condition. If decompensation is extreme, 
baths are contraindicated ; if mild, and observation shows good effects 
upon the blood pressure or symptoms, they may be continued. Even 
in those in whom there has been a reduction of blood pressure in or 
immediately following the baths, the re<luction is slight and transient, 
so that the beneficial effect is probably to be ascribe*! to an action upon 
tlie general circidation rather than upon the blood pressure. 

The effect of electric light baths, when efficacious in the reduction 
of hypertension, may be ascribed to the heat, incidental rest,and enforced 
quiet %i'hich form part of the treatment. 

Diatlienny — a special application of the D'Arsonval current to the 
precordium — is another metho(l employed as a therapeutic agent in 
hypertension. Some of the report? of its effects are exceedingly en- 
thusiastic; claims are matle, for example, that hj-pertension is per- 
manently ^elie^'ed. In some cases which I have obsen-ed, in whom dia- 
tbeimy was used b^- other practitioners, the blood pressure remained 
at Its nsual level ; there was no change whatever in the s\'mptoms. 

Percussion over the seventh cervical vertebra lias lieen u^, the 
object being to exert ii reflex iiifUienc-e upon the vasodilators and thus 
upon tlie blood pressure. The effect of tliis prrtccdure is, to say the 
leaat, exceedingly problematical and hypothetical. 

Absence from business ami treatments at ha\e undoubted 
marked thcra[x;utie value in many cases of liypertciision. The rea!ions 
are obvious. Patients are away from their ordinary- environment, their 
routine of life approaches a more normal and physiological standard, 
excitement and nervous tension becftrae almost negligible factors. 

The amount of exercise that should be allowetl depends chiefly upon 
the aci iHupaiiying eurdiovascular disease and upon the sjTnptoms, rather 
than upon the degree of hj-pertension. At no time, however, should 
violent or fatiguing exercise be permitted. The amount of rest is also 
based upon tlie same criteria. For example, an otherwise active busi- 
ness man still capable of some physical exertion, who frets and becomes 
irritable when absolute rest is enjoineil, can wisely he permitte<l to at- 
tend business for a short perio<i each daj'. The week's work should be 
broken by one or two days of rest ; or if the patient's condition allows 
it, by mild cxerci.se out of doors, especially walking. Exercises of any 
type should be ctjntrolled by the state and degree of cardiac compensa- 
tion, and by careful observation of the effect of exercise upon, the iu- 
dividuaL 
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"WEAK" HEAET 

Clinical Symptoms. —" Weak," "asthenic," "neurotic," "neuras- 
thenic " heart:? arc iome of the terms more or less loosely appHctl to 
various ilUlefinc*! conditions in which the salient fe^iture is an unstable 
state of the va>!omotf»r mechanism. 1 shall not here include a discussion 
of the arrhythmias which in ihemiielves are sometimes regarded as evi- 
dence of a " weak " heart. Stress is often laid upon the presence of 
a soft, faint, systolic murmur over the apex, onl}' slightly or not at iiU 
transmitted. Moderate hypoten-sion (Chapter XIX) is also common 
in these individuals. Unless one chooses to interpret such finflings as 
organic there is no evidence of organic oardittvascular disease. Sub- 
jectively, the patients complain of tiring \ erj' easily ; if tlie occasion 
demands it, howe\er, the\' can unilergo long-continued phy.sical exer- 
tion with no sign of strain uixm the circulatory system. They also 
often complain of feeling faint or dizzj* ; sometimes they actually lose 
consciousness. Their faces and hands readily retlden or blanch, with a 
correspond inj: feeling nf warmth or cold in these parts. These changes 
are due to rasomotor instability and not to " weak " circulation. This 
is ei idcnced by the fart that these patients never suffer from edema or 
visceral congestion, or from any of the signs found in decompensation. 

Aside from sj-mptoms and phj'sical signs referable to the circuhition, 
these individuals sometimes suffer from ill-defined gastric complaints of 
non-organic nature often associated witli referred intercostal and pre- 
cordial pains. It is because of these that one's attention is drawn 
tft the heart as the presumed offending organ. Nervous strain, joy, 
worry, excitement, and physical fatigue quickly elicit many of these 
symptoms I ha\e referreti to. The same factors seem occasionally to 
exercise an influence ujjon the apical murmur, which, at such times, 
becomes somewhat louder. The cause of this increased intensity is 
not clear ; it may consist in some disturbance of the muscular ring 
at the mitral opening, allowing regurgitation. 

These patients are as a class usually regarfled as neurasthenic, 
because, though frequently of robust appearance, little or no physical 
basis for their sjuiptoms can be found. Many have been fluoroseoped 
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in a search for some flbnormaJity in the size anti shape of the heart 
ID order to account for the instability of the circulation. " Drtip " 
hearts (Chapter IX) and abnormally small hearts (so-called microcardia) 
have been found in some of therie individuals. I ba\ e studied a number 
of cases of " weak " hearts fiuorosc«)picalJy. In some I have found the 
abnormal orthodiascopic tjTws above referred to ; in others, I have 
found the heart of normal size an<l contour, or with the left ventride 
lying quite broad and flat upon the diaphrag^m. In other wortis, there 
was no orthodiascopic picture that I ol>scr\ e<1 to be definitely correlated 
witli " weak " heart. In addition, I have made the fluoroscopic observa- 
tion that some of these " weak-hearted " Itidividuab show particularly 
vigorous and strong ventricular contractions. It h therefore clearly 
evident that there is no constant parallelism between the vasomotor 
symptoms and the muscular power of the heart. 

A few brief illustrative clinical histories and findings will ser\-e 
to tj-pify some of these patients. 

A buxom woman of 45 had been told for years that her heart was 
' weak.' There was no history of any previou-s serious illness. She had 
had two children who died. Verj'- soon after the death of the last child, 
there began a series of SJ^nptoms consisting of giddiness, nausea, and 
flushing or pallor of tlie face. These sjniptoms have been intensified since 
her menopause two years ago, so that, in addition, she often feels fainC 
and, in fact, actually fainted several times. There is a very soft systolic 
murmur at the apex, the orthodiascopic tracing shows an outHne slightly 
broader than the normal, the blood pressure and all tlie other physical 
findings are normal. This patient has been under my observation for 
several years. She has undergone a severe operation for appendicitis 
with no effect upon her circulation. 

A vigorous woman of 40, married and the mother of two children, 
while abroad was suddenly called home by illness in her family. She 
became worrietl, and soon complained of feeling fatigued ; her handj 
and face readily became cold ; she had pains across the chest upon 
exertion. There was a faint systolic murmur at the apex ; orthodiascopic 
examination revealed a somewhat broad left ventriete ; otherwise the 
cardiovascular and general examination revealed nothing abnormal. 
Upon being assured that her heart and other organs were normal, 
she soon recovererl her mental pffise. She began taking acti^'e exercise 
and now walks several miles daily without cardiac or other com- 
plaints. 

A tall, narrow-chested, and somewhat aneiaic youth of 20 coroplaine<l 
<)f frequent flushes and a feeling of '* heat " in the face. The lungs 
and cardiovascular system were normal. The only abnonnal finding 
was a narrow and pendulous heart. I'pon being told after the examina- 
tion that there was no leiiion of any kind in the heart and lungs, he began 
leading a more normal and athletic Ufe with rapid disappearance of the 
vasomotor symptoms. 



I believe it is worth while emphasizing that the fundamental ab- 
normahty of this entire group of patients He^ in an instability of the 
vasomotor roec'ha.ni;!m, the cause of the irregular Hu^hea, pallor, dizziness, 
an<l faiotness. Nerve shock of any kind is often the cutmiuating 
factor initiuting the more acute sv*mptoms. 

To a great extent, therapy lies in firmly assuring the patient that 
there is no organic disease, and that the symptoms can be cured or at 
least greatly alleviated. It is a diagnostic and therapeutic error to 
dismiss these individuals by telling them that they are " nervous,*' 
for the symptoms are real an<l usually beyond their control. The 
treatment sometimes requires patience and always careful in<lividuali- 
zation. The patient should never follow any form of exercise, no 
matter how slight, to the point of fatigue. If no improvement follows, 
a rest cure for a longer or shorter time may be required. Patients 
too intent Ufxin business must decrease the number of hours and the 
Intensity of their work. At no time should these individuals feel hurried 
at their work or even at their pleasures. Rest in the reclining position, 
getting up late, having breakfast in bed, long rest at night, mild balneo- 
therapy ; later, gradetl calistheuies, or exercise in tlie open (golfing, 
tennis, swimming), are measures which, appropriately applied and 
carefully selected, are of great aid to the patient in helping him regain 
his vasomotor equilibrium and in finally enabling him gradually to 
return to his accustomed duties. 

Among dnifs, I have found a combination of atropine sulphate 
(grains ifif lit) ^'^^^ nitroglycerin (grain to three 
times a day before meals, of most value. Wliere hjpotension is 
present, suprarenal extract is sometimes of value. In addition, strych- 
nine may be heliiful. If symptoms are intensified at menopause, 
ovarian extract (corpus luteum) may be tried. It must be stated, 
however, that because of the tjpe of the fundamental disorder — in- 
stability of the vasomotor m^hanism — tlie effect of treatment is 
sometimes disappointing to the physician and discouraging to the 
patient. 
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PRECORDIAL PAINS OF CARDIOVASCULAR AND OF 
EXTRACARDIAC ORIGIN — ANGINA PECTORIS 

Hiatorical. — As early as 1772, Ileberden described angina pectoris. 
Nothnagel ascribed it to spasm of the coronaries, with consequent 
local ischemic ami nutritive changes in the musculature, a tiieory which 
has profouncily affected the literature <jf the subject. Huchard divided 
angina pectoris into true and false: that prtxiueed by effort he called 
true, that without effort, false angina. Mackenzie ascribed the fun- 
damental cause of cardiac pains, a term which he prefers to angina, to 
exhaustion of the cardiac musculature. Osier described four types 
of angina pectoris : the re6ex, neurasthenic, hysterical, and the Noth- 
nagcl. 

Confusion of Terms. —The frequent indiscriminate use of such terms 
as " false angina pectoris," " angina sine dolore," " angina vasomotoria," 
" angina vera," etc., with no clear sen.se of their etioiogj' or pathology, 
has adderl to tlie difficulty of comprehending the fundamental causes 
of precordial pains. This confusion in symptomatology and pathologjv 
and the fact that precordial pains of similar distribution ami character 
may be cause«] both by intra- and extraeardiac disease, have le<l me to 
make a careful study of those patients in whom tliesc pains, from what- 
ever cause, were the only or the most prominent sjinptoms. It appears 
to me that the term " precordial pain " obviates much of the confusion 
of the nomenclature, and, when etiologically defined, gives rise to a 
fairly clear clinical conception of the underlying cartliovascular or other 
disease. In every case that I studietl, a verj' careful historj^ (the im- 
p4)rtance of which is often overlooketl) was obtained. Besides the 
n>utine, the clinical examination often included phenolsulphonephthal- 
ein and so<lium chloride excretion tests, chemicid examination of tlie 
bloiKl, and electrocardiographic and orthodiascopic tracings. The tj'pe, 
character, intensity, and distribution of the pain, the time of its ap- 
pearance, its wrrelation with exercise, with digestive or other dia* 
turbanccs, and the presence or absence of Head's zones, were noted. 
After study of all data, an attempt was made to discover the probable 
fundamental etiologic lesion in the cardiovascular system (myocardium, 
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endocftrdvum, kidneys, or arteries), or in a distant organ (usually the 
gastro-intestinal canal), and tf> gauge the extent and severity of the 
pathologic damage to be therapeutically attacked. In this manner, 
besides obtaining a rational view of the entire subject, one couhl fairly 
definitely pick out and group patients in whom therapy would be of nu 
avail, as well as those in whom it perhaps offered a good outlook I'or 
relief or even sj*mptoinatic cure. 

Studies of the cardiovascular nerve supply have shown that there 
are rich ganglionic and nerve plexuses which surround the heart and 
the root of the aorta (Chapter I) and which are formed by branches 
of the vagus and sjTapathetic. There are also ganglionic cells and 
nerve fibrils in the sino-auricular ncxle, the auriculti-ventricular 
bundle, and throughout the cardiac muscidature (Chapter II). So 
far as known, neri^es of sensation are absent. Through the fmula- 
mental work of Sherrington, Head, and, later, of Mackenzie, it is 
known that a viscus, though nut possessed of nerves of sensibility, 
may, when irritated, excite the corresponding visceral segment of 
the spinal cord ; the latter then sends abnormal centrifugal impul^ 
to the muscles, glands, etc., which in the skin give rise tft abnormal 
sensations usually felt and denoted as pain. In cardiac disiease the 
area ordinarily affecteil is the precordium. Depending upon the 
nerves involved, the intensity of the irritation, or possibly upon 
irradiation of centripeUil impulses to other spinal segments, pain 
may spread to the entire chest, to both arms (especially the left), the 
fingers, neck, head, the interscapular region, the epigastrium, the ab- 
domen, and even the thighs. Besides the precordium and left shoulder, 
the epigastrium is the favorite site for referred pains, a fact which often 
causes erroneous diagnoses, and mistakenly directs the therapy to the 
stomach. In se\'ere cases, pain is usually sharp, lancinating or agonising 
in character, and combined with the oft-described feeling of Impending 
dead). In mikler cases, it is dull or aching, or there may be merely a 
feeling of oppression on the chest. Head's zones are sometimes presentj 
u^uall^' over the precordium, more rarely in the epigastrium. Occa- 
sionally the pressure even of wearing apparel pnxtuccs severe pain. The 
sensitiveness may be confined to the underlying interTOstal muscles; 
deep pressure alone then elicits pain. It is sometimes ixissihle in a 
general way to judge of the effect of therapy and of the progress of the 
disease by the amount of pain elicited upon superficial or deep pres- 
sure; when the progress is fa^'orable, sensitiveness to pressure dimin- 
ishes. 

In this connection it is important to discuss the frequency of epi- 
gastric paras and of occasional epigastric Head's zones found in heart 
disease. The former are usually ascribed to an enlarged liver or to 
congested gastric mucous membrane. However, the pains are present 
when the liver is not enlarged, and necropsy reports show that such 
patients often bad no congestion or dise&se of the gastric mucosa. Be> 
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sides, we possess no data which definitely correlate such jwesumed oon- 
gestion with pain. From clinical manifestations, from disappearance of 
epigastric tenderness pari ptusu with decompensation, and from the 
intimate correlation of the ner\-e supply of stomach and heart, it seema 
probable that this t\'pe of pain is chidBy, if not entirely, the result of 
referred nerve excitation from cardiac disease. 

Clinically and etiolosicalljr, precordial pain is di\'ided into that due 
to intracardiac and to extracardiac disease. This distinction is at 
times difficult or even impossible, but the attempt at differentiation 
is of fundamental importance. For the purpose of clinical classifica- 
tion, the term " myocardial insufficiency* " is here used as equivalent to 
cardiac failure or incompetency. 

Commoner Causes of Precordial Pain. — The subject will be con- 
sidered according to this outline ^ : 

A. Organic cardiovascular disease : 

1. (a) Hypertensive cardiovascular disease with myocardial in- 

sufficiency. (6) Hypertension and myocardiiu insufBeieney 
with labile vasomotor mechanism, (c) Uremic group. 

2. Myocardial insufficiency without hypertension. 

3. Acute rheumatic endocarditis and rheumatic endocarditio ex- 

acerbations. 

4. Endo-myocardial disease with general circulatory failure. 

5. Embolic infarcts in the main coronaries and their branches. 

6. Cardiac syphilis. 

7. Premature arteriosclerosis and cardiosclerosis. 

8. Senile arteriosclerosis and cardiosclerosis. 

9. Sacculated aneurism. 
10. Taba^sm (?). 

B. Extracardiac disease : 

1. Oastro-intestinal disease (organic and functional). 

2. Esophageal disease (organic and functional). 

3. Crises of catarrhal pulmonary affections. 

4. Vasomotor disturbances at the menopause. 

5. Neuralgias (?) of unknown origin. 

6. New growths and disease of the mediastinum, spinal cord and bony 

structures of the chest; intercostal myalgia and neuralgia; 
pericarditis. 



A. Precordial Pains Due to Organic CARDiovAScuiiAB Diseaob 

1. (a) Hypertensiye Cardiovascular Disease with BSyocardial Insuffi- 
ciency. — The patients of this group probably represent the most fre- 
quent sufferers from preconlial pains. The cause of h>'pertension has been 
ascribed by some to an increase of epinephrin in the blood, though care- 
ful experiments by Janeway and Park have not justified this assump- 
tion. Rec-ent .studies of blood metabolism have shown that chronic 
nephritis with h^'pertension is often accompanied by an increased amoimt 
of non-protein nitrogen in the blood, and by a diminution of blood 

' Some of these groups have already been discussed in the chapter on Blood 
Pressure (Chapter XXI) from the hypertensive standpomt. 
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alkalinity, — facts which may in the future offer promising fields for ther- 
apy. The chief cardiac changes are ventricular hj'pertrophy, usually 
left but sometimes also right ; patchy, fibrous myocarditis ; thickened 
aortal and mitral cusps ; linie deposits on the first jwrtion of the aorta ; 
aiu! atheroma and thickening of both corrmaries. It must be remem- 
bered, however, that padents with similarly diseased hearts may have 
little or no pretHjrdial tlistress- 

A brief case description will sen e to fix the t>-pe : a systolic blood 
pressure of IfK) mm. ; a rough first and a sharply accentuate*! and 
bell-like second sound at the right base; evidence of markeil left 
ventricular hj-pertrophy with a heading apical impulse ; urine with 
or without albumin or casts ; very slight pretibial edema ; dyspnoea on 
exertion or appearing suddenly at night ; nycturia. The pains are 
usually dtJI, most marked in tlie precordJum, and radiate to the neck 
and arms. 

Almost frantic therapeutic efforts are made, as a rule, to reduce the 
high blood pressure, while the fact that it is often a conserv ative, com- 
pensatory process seems to be entirely' ignoretl, A mere enumeration 
of the long Ust of remedies is sufiScient proof of their inadequacy. Vascn 
dilators (nitroglycerin, amyl nitrite, erj-throl tetra nitrate), hot, Nau- 
heim, and ox>*gen baths, violet ray. diathermy, and elec-tric light baths 
are the most popular. ITiere are conflicting and contradictory reports 
regarding all. In some cases, as alreatly remarketl (Chapter XIX), I 
studieil tlie effects of hypodermic injections of 1 per cent solutions of 
nitroglycerin in doses of one tentli grain, three times a day, with no 
effect on the symptoms and only occasional temporarv^ reduction of the 
bifXKl pressure. The physical changes in the coronaries probably ac- 
count for the futility of vasodilators to regulate the impoverished 
cardiac circulation and to relieve, the resultant precordial sjtDptoms. 
While theories such as cardiac spasm and anemia have had vogue as 
the causes of the pain, it seems more probable that the underlying 
factor is nutritional cardiac disturbance either from inadequate coronary 
circulation or, possibly, from toxic products flowing in the general 
circulation. Acute violent pains call for morphine. Pearls of nitrite 
of amyl may also be of aid. With milder sj-mptoms, nitroglycerin 
occasionally gives some relief, especially if combined with atropine 
sulphate. Aside from temporary" therapeutic measures, 1 have placed 
main reliance on digitalis, either digipuratum, or the tincture in lo- 
drop doses, three times a day. The drug should be given whether the 
auricles fibrillate or the pulse b rhythmic, and should not be stopped 
when pains ami other symptoms improAe. but continued in smaller 
doses for a long period. A curb should be put on the patient's physical 
activity. Mental excitement and stress should be avoided. The 
theoretical objection that digitalis may perhaps cause or increase cor- 
onarj- spasm has not been verified by clinical evidence in cases in which 
tlie drug had been given for months. In only one of my cases were 
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precordial pains increased by digitalis, although even here there was 
improvement for several months. 

The important'e of treatment of edema and other manifestations of 
cardiovascular disease lies in their fundamental association with pre- 
cordial paina. This is illustrated in the following case : 

A vigorous woman of 43, never pregnant, complained for three years 
of dyspnoea on walking, and stabbing precordial pains radiatitig to the 
left shoulder. The Wassermann hlooil reaction was negative. The 
urine contained a trace of albumin and, occasionally, hyaline casts. 
There ivas .slight pretibial edema. Physical examination revealetl typ- 
ical signs of aortitis. The orthodiascopic tracing showed an enlarged 
left ventricle and a dilated aortal arch. The precordial area was tender 
to deep pressure. The lowest systolic blood pressure was 175 mm., 
the highest, 220 mm. There has never been any correlation between 
the ajTuptoms and bK)od pressure. For the first few months she was 
put on digitalis, theobromin sodium salicylate, and occasional Karrell 
days. Within two months the cardiac pains and pretibial edema dis- 
appearetl. Later, when remiss in taking medication and diet, dyspnoea 
and pain recurred . Under stricter surveillance, and the same raed ication 
combined with absolute rest at home on the Karrell days, twice weekly, 
she again slowly improved. This plan of treatment has been ftillowed 
for three years. The bloo(l pressure is still high ; data re\'ealed by 
physical and roentgen examination are the same, but there is very 
market! clinical improvement; precordial pains and edema have en- 
tirely, and the dyspnoea almost entirely, disappeared. 

(6) Hypertension and Myocardial Insufficiency with Labile Vaso- 
motor Mechanism. — In a smaller group of cases, in which the high- 
e^st systcilic IiIockI pressure was around 180 mm., with marked diurnal 
variations of as much as 30 mm., precordial pains following exercise 
were the main symptoms. Nephritis was apparently not the main or 
the only cause of hypertension ; emphysema and myocarditis were the 
chief pathologic conditions. Experimental subcutaneous injections of 
nitroglycerin in doses of one fiftieth grain three times a day had a 
marked temi>orary effect on the bkHxl pressure, and, usually, on the 
symptoms ; in one instance, the injections were regularly accompanied 
by sudden relief of preconlial pains to be followed by giddiness. Such 
cases apparently represent examples of disturbed labile vasomotor 
mechanism ratlier than h>'pcrtension due to marked v ascular disease. 
Nitroglycerin or other vasodilators given at the onset of pain are apt 
to be followed by great relief. Digitalis, though useful, is not as bene- 
ficial as in Group 1. 

(c) Uremic Group. — Headache, nausea, vomiting, varying grarles 
of anemia, attacks of paroxysmal dyspnoea and of preconlial distress, 
high systolic and especially diastolic pressure, nocturnal polyuria, and 
changes in the retina, are the cardinal symptoms. Kidney test meals, 
as advocated by Scldayer and otliers, usually show decreased salt, nitro- 
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gen, and water elimination; and the blood, retained non-protein nitro- 
gen. The facial appearance in typical instances is characteristically 
pallid or ashy gray. 

The pfettirthal pains are not relieved by nitroglycerin, digitalis, 
or theubroniin sodium salicylate. They are apparently caused by 
toxic products flowing in the general circulation and affecting carttiac 
nutrition. Dietetic measiu-es, e.spet'ially a diet low in protein and rich 
in carbohydrates, are of most value. \Mien renal tests show no water 
retention, ingestion of large quantities of fluids is sometimes beneficial. 
For the relief of pain, occasional doses of morphine are necessary. On 
the theory of tissue acidosis, I have tried the intravenous injection of 
500 c.c, of a 5 per cent biearlxmate solution in two cases. In one. there 
was marked relief of the precordial pains and other syraptom.s ; iu tlie 
other, the pain was relieved only for some hours. Glucose solutions 
given by the Murphy drip or even intra^-entmsly may be of value. 

2. Myocardial Insufficiency without Hypertension. — The main 
complaint of tliese patients, usually men of sedetitury habits between 
the ages of 50 and (iO, is slight prcairdial pain following exertion. The 
patients ltx»k very well pre^erv'ed. The urine is normal or may ccm- 
tain a slight trace of albumin with a few casts. Physical examination 
reveals a slight impurity of the first sound at the apex, and a soh sys- 
tolic murmur at the base ; there is no evidence of severe cardiovascular 
disease. The systolic blcHxl pressure is anmnd 160 mm., rarely much 
higher; there Is no edema. The orthodiascopic tracing usually shows 
a slightly dilated aortal arch with the left ventricle lying brt^ad and 
fiat on the diaphragm ; it is impossible to state if this ventrioJar con- 
tour is due to tlabbincss or to hypertrcjphy. It is interesting to note 
that these patients commoiJy give a history of having had painful 
gastric attacks in previous years, with sj-Tnptoms pointing to gastric 
or duodenal ulcer. Excellent results have followed the use of digi- 
talis, given at first in large, and then in moderate doses, and continued 
iiUermittenlly for week-s or months. Small doses of atropine were some- 
times added. At the beginning, the patient's acti\ ity was somewhat 
restricted; later, mtKlerate exercise — golf or walking — was advised. 
Acidulous food and drink were interrhcted, and some light form of 
nourishment l>etween meals was prescribed. The following is an il- 
lustrative case : 

Male, age 60, has for years been careful about his diet, particularly 
in the avoidance of acids, for indiscretions were foll<)weil by epigastric 
pains. For several months he has n>mpluine<l of precordinl, knife- 
like, paroxysmal pains on walking. Examination shows a well-nour- 
iahed man; there is ni> edema; the urine titntains no albumin or 
casts, tlie a\Trage sy stolic blood pressure is 100 mm. The ortht»dia- 
scopic examination reveals a somewhat enlarged left ventricle, the 
aortal outline .somewhat broader than normal. There is an impure 
first sound at the apex and at the base. There is no dyspnoea or de- 
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compensation. One digipuratum tablet was given, at first three times 
daily, and then continued in smaller doses for several months. Atropine 
sulphate, grain, three times a day, was also prescribed. The 
patient is nuw doing his regular work, has taken ocean batiis during 
the summer, and has hati no recurrence of prcctinlial piiins, 

3. Acute RheumatiG Endocarditis and Rheumatic Endocarditic 
Exacerbations. — These cases usually occur in younp per^on,s with 
definite rheumatic histories, with mild tachycanrlia, with no dyspnoea, 
and with marked auscultatory evidence of valvular disea.se (usually 
mitral stenosis). Slight and irregular rise of temjx'rature is the rule. 
The patients complain not only of the subjective feeling of palpitation, 
but also of " sticking " pains localized in the region of tlie heart. There 
are usually no Head's zones. Tlic cause of the rapid heart action and 
of the precordial pains, even in the ab.sence of abnormal temperature 
and other rheumatic manifestations, appears to lie in the irritative effect 
of fresh exacerbations of endocarditis. The best medication is sodium 
salicylate given in full physiologic doses. My routine has been 15 
grains hourly until six doses have been given or tinnitus occurs; tlie 
dose is tlien decreased. Rromides in moderate amounts, and ice bags 
to the precortlium, are also helpful. Comparative or absolute rest in 
bed may be necessary for some time. 

4. Endo-m?ocardial Disease with General Circolatorjr Failure. — 
The fuinhimfiitat c;iuse of the pain.s is ap])aretit!y nutritional disturb- 
ance from local circidatory failure in tlie lieart itself. Prect>rdial 
Head's zones or muscle tenderness are often present. The therapy 
for the relief of pain is the same as for the decompensation. This 
ordinarily means vigorous and long-continued digitalis medication, 
and, for the relief of edema, theobromin and the dietetic regimen al- 
ready outlined. If compensation is restored, cardiac pains and Head's 
zones disapjjcar. 

5. Embolic Infarcts of the MBin. Coionaries and their Branches. — 

It is known that patients who have recovered from curtliac pains have 
occasionally shown myocardial scars and other changes resulting from 
old infarcts. Huchard, in a summarj' of 145 necropsies of coronary 
disease with cardiac pains, found five due to embohsm of the artery. 
Recently several cases with necropsy reports of embolic infarcts of the 
main coronaries have been descriljed ; the patients died within a few 
da^'s or hours with s^nnptoms of intense precordial distress. I have 
observed several cases with intermittent pains lasting days or weeks, in 
which the sjTuptoms were possibly caused by infarcts or emboli of the 
smaller coronary branches. Curschmann in 1891 first describe«i this 
condition; he reported three cases with necropsies. Two patients 
died some years after the onset of symptoms. Both showed localized 
myocarditis. In one. there was aneurismal dilatation confined to one 
sclerosed arteriole ; in tiie other there was an obliteratetl coronary 
branch of the third order. The third patient> in whom the condition 
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was correctly diagnosed, died suddenly; an embolus was found in a 
coronarj' tiranch of tlie second order. 
The cases I observetl ure : 

Female, unmarrietl, aged IS^ under obsen'ation three years, gave a 
tj'pital rheumatic liisti>ry. There is a market] douhle at>rtic lesion and 
a tremendously h^iwrtrtiphied heart. The Wassermann reaction and 
frequent blood cultures were negati%'e. The systolic blood pressure 
wai^ ISl) mm., the diastolic, 20 mm. For months she has had many 
iittacks of mtKlerate irre^lar fever. On several wcasions they were 
iriitiateil by sharp preconlial pains followed by tachycanlia or auricular 
fibrillation, convulsive twitchings and tremors, and by loss of con- 
sciousness lasting several days. Latterly these attacks ha^'e bectime 
more se\'ere and were followed by welUlocaliml Head's zones. 

Female, unmarrieil, aged 20, gave a history of eontiiiuetl attacks of 
rheumatism and " heart trouble." During the last few months she had 
two attacks similar to but not quite so severe as that with which she 
entered tlie hospital. There were continued agonising pains and 
exquisite tenderness, even to the slightest touch, over the precordium, 
and radiating pains to the left shoulder and foreiirm. The temperature 
was ltM°, .\ mitral regurgitant lejiion was present. There was no 
edema. Breathing was frequent and shallow, apparently owing to the 
attempt to keep the chest at rest. After one week, high temperatures, 
sharp pain, and rapid breathing disappeared ; the patient felt com- 
fortable, but precordial pain on firm pressure was still present when she 
left the hospital. 

Male, aged 40, with a double mitral lesion, gave a history of having 
felt well until three months prior to hospital admission. He then had 
an attack of mania (?) lasting three days. Subsequently pneumonia 
and pleurisy developed, ncctimpaniwl by chills and high fever, and by 
attacks of parox\*smal auricular fibrillation. After several cultures a 
non-hemolj-tic streptococcus was isolated from the blood. During 
several months of hospital observation there was a constant sensitive 
area near the cardiac apex. 

The characteristic of these three cases was not only tlve rise of tem- 
perature and evidences of active endocarditis, but also the progressive 
tendency oi the disease and the presence of local, tender precordial areas. 
Tluiugh these manifestations may have been due tn tlie enducanlitis 
alone, the distinct localized sensitive areas, and the clinical course, make 
it probable that, in addition, acute focal niyocartlitls w a^ present. From 
clinical and physical signs, and from the pr(*gressive and prfibably bac- 
terial nature of the endocarditis, it seems fair to assume that such focal 
myocardial changes originated in eraboHc infarcts of the smaller cor- 
onary branch^, accidents not necessarily incompatible with life. 

Necropsy findings will of course be necessary to estabhsh the diag- 
nosis in such cases. 
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6. Cardiac sypbiUs b an extremely frequent cause of prntwdial 

pain. It h usuajjy substernal, dull, boring, and aching ; but may, how- 
ever, have the distnbutioD and characteristics of the typc» already de- 
Mrilxd, One can probably ascribe the frequency*' of these substernal 
pains to the almost invariable presence of s>'philitic aortiti:? and peri- 
aortitis with coniiequent dilatation, to the fac-t that the root of the aorta 
IS surrounded by rich gaugljoaic and nerve plexuses, and to the varjing 
degrees of ai>rtic dilatabUity and pressure. Head's zones are compar- 
atively rare. Therapy consists in the tr^tment of the underl^'ing dis- 
eaae. Although i^alvarsan was originally coasidered contraindicated in 
tanJiac sj^ihtlis, abundant experience has since shown that, given first 
in smaller, later in larger doses, salvarsan combined with the usual 
mixed treatment is of great and definite value. The best routine 
method of its administration is 0.2 pm. injected intravenously eveiy 
week until 0.6 gm. is given; later, full doses may be given, the fre- 
quency (tepending on the tarfliac ctmdition. Salvarsan sometimes 
beneflts and controls the pains immediately, apparently' because of 
reduction in the syphilitic intiammatory exacerbations. Where the 
pathologic process in the aorta, the coronaries, or myocardium has 
reached an extreme degree, salvarsan or any otiier treatment can be of 
little <»r no avail. Hrmever, since our present methods of eTtaroination 
are not sufficiently exact to diagnose such conditions, I believe the 
treatment outlinal is indicated in everj" case of cardiac syphilis except 
when the patient is moribund. Cardiac failure, if present, should re- 
ceive its appnipriate treatment, that is, digitalis ; and if necessarj% 
theobrcjmin WKHum saiir yjate. 

7. Premature Arteriosclerosis. — This c-omprises a rare group found 
in young adutLs. Persistent precordial distress is often present for 
months. Gastric sjTnptoras similar to those of hyperacidity occa- 
sionaUy dominate the clinical picture. Physical examination may g^ive 
no hint of the severity of the pathologic process attacking the entire car- 
diovascular system, and finally resulting in extreme changes throughout 
the a^^rta, coronaries, arterioles, and endocardium. Indeed, such hearts 
may be pat}!f)l<>gicall}' identical with those of persons dying of senility. 
For months there may be no decompensation in tlie ordinary sense. 
The urine may he norn>al, the blood pressure not high, the heart sounds 
iwmiewhat distant, and the only indication of severe cartliac disease, 
^lc^i^^<•s the precor<lial pains, may be the presence of an arrhythmia, 
usually markeil sinus arrhythmia, or extrasystoles. CXher occasional 
syraptonis are dyspncea and nocturnal attacks of precordial distress. 

Alt illustrative case with necropsy reptirt follows: 

Male, agcti 42, of athletic build, had been a heavy smoker. For four 
years he had .siiffereil from gastric symptoms resembling ll^'peracidity ; 
belching was particularly prominent, The gastric contents showed high 
values for free hydrochloric acid. He had frequent attacks of vaso- 
motor disturbances: numbness, coldness, and pallor of the hands. It 
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was only late in the disease, when an attack of hemiplegia occurred, that 
attention was focused on tlie possibility of a gencTalized arteriosclerosis 
as the underljing disease. Although sev eral Wassermann test^ were 
native, salvarsan and mixed treatment were given ; these were with- 
out effect. At necropsy, marked thickening and calcareous deposits 
were found on all tlie cardiac valves ; the coronaries and their branches 
showed extreme thickening ; the myocardium presented many fibrous 
patches; the entire heart was somewhat enlarged. Spirochetes were 
not found in the aortal tissue. The heart accurately resembled that 
of a ver>' old person suffering for many years from severe generahzed 
arteriosclerosis and cardiosclerosis. 

The cause for such presenile sclerosis is still undetermined. It is 
possible that unknown infections and toxemias are etiologic factors. 
In one of my patients the disease originated within two years of an 
obscure pulmonary infection of several months' duration. For the 
present, one can only state that, from some unknown cause, the elastic 
tubing comprising the vascular system becomes prematurely defective 
and discase<l. Except digitalis for temporary relief of dyspntra, treat- 
ment is of no avail. 

8. Senile Arterio- and Cardiosclerosis. — The clinical picture is 
usually clear. All the palpable arteries are tortuous and thickened; 
the blno<l pressure is nnrmai or not very high, the heart somewhat en- 
larged ; the systolic suunds at the apex and right base are impure; 
the sectmd sound at the right base is sc»metimes aoc'cntuflted. The pre- 
cordial pains usually (x'cur with exertion ; although sometimes intense, 
they are more often of mild character. Apparently they basically de- 
pend on coronary sclerosis. Because of the advancefl pathologic changes 
the patients can rarely be relieveil by medication. Digitalis and theo- 
brnmin .sodium sallc^'late sometimes help, tlie amount of relief ap- 
parently depending upon tlie degree of healthy tissue still remaining 
to react to medication. The patients tlsually require prolonged periods 
of comi>arative rest. 

9. Sacculated Aneuiisms. — In a general way, the precnnlial pains 
depend nn tlie siz^ and |>osition of the aneurism. If large, tlie pains 
arc those due to pressure on the surrounding structures {intercijstal 
nerves, ribs, etc.). If small, and involving the first portion or arch of 
the aorta, the symptoms arc similar in character and etiology to those 
describe*! under canliac sN^philis (Group The therapy is also the same 
OS that there indicatetl. My experience with wiring and the electric 
current treatment according to the method of Lusk is limited to two 
cases. In one, after mme weeks, small, fretjuent external hemorrhages 
occurred, due to the perforation of the sac by the end of the wire ; the 
patient finally die<l of anemia. In the other, the patient did not improve 
during his stay in the hospital; he died suddenly some weeks later; 
a necropsy was not permitted. 
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10. FneofdU Frint Dw to latm^sm — It b qoesdoi Mb lewfae d ia 

th« tfJtjafXft heart " abMiId be daasified niMicr cr]^uuc cvdiovajcnbr 
duea^. riiM* it haa been ihtmn expesinientaDy that mtravcnoas in- 
jfifXittm tA nicrxine into nbbita ate octaaionally fofloved by aortal 
atherrjma, it has by aome been aasamed that amJdng in man may pn>- 
Awn: similar r-hanjrea in the vascular 3>-stem. and poaably in the myio> 
orriium. IHrttX prnt4, humcva, tA auch damage is stxD lacking. Be- 
syU^., it ha^ lj«en -shi/wn that athetDma is sometinies found in the normal 
raM>it ar>ru. In a number of experiments by Gy. in whicfa rablnts 
were nuule U» inhale smoke for a definite period of time, only a very 
few were founri U) have ar^rtal changes ; indeed, the proportion was not 
nv/re than that mually in the normal animal. In a study of a large 
•ierif:<t of hearts of smokers who died from other causes, one obserx'er 
fourir] wi changes except slight degeneration of the papillary musde 
avTiF/ahle Xi> the rapiri heart action usual in smokers. Experiments 
have -ihown that nicritine, the main tobacco alkaloid, is a powerful 
neurotropic fx)i.v>n affecting particulariy the s^-mpathetic ganglia and 
the jieripheral vavxlilat/>rs. In view of these obserx'ations. and in the ab- 
»tenrr(; of pTtiiA (if jjathok^c changes in the human heart due to tabagism, 
it i.t rea.ionable to a>isume that the frequent precordial pains and distress 
are cawitnl by <Iisturbance in the ooronar\' circulation, and by referred 
pain-t from irritation of the sympathetic ganglia. 

Ilic paiiiM may \)e dull and aching, or sharp and radiating; occa- 
sionally, the fir»t premonition is very sharp lancinating precordial pain 
nuliating tr> the left shoulder ami forearm, and accompanied by un- 
coriM-iousrifrsH. For example, a healthy man of 40, a hea\y smoker, 
while running for a train, was suddenly attacked by terrific precordial 
pain followed by uncons<rioiLsness for one hour. The cardiovascular 
examination reveale<l nothing abnormal. For weeks after the attack, 
any Hiight movement — even turning in bed — brought on pains. 
The puticnt was finally able to be about and resume his usual occupation. 
At pre!><;nt, six years after the first fainting spell, he feeb quite well. 
He again smokes, hut mtxlerately. 

llie most fre(]uent of the airhytiimiM in smokers are extrasystole, 
usually Huriciilar. Other arrhythmias, however, are occasionally en- 
count<Tc<l. Thus I have seen two cases of sino-aiuicular block (Chap- 
ter VII), one of auricular flutter and one of auricular fibrillation. 

Most case's of U)hacm pains and arrhythmias cease when smoking is 
stoi)jMHl. (X'casionally both recur intermittently for years. In such 
instances nitroglycerin given regularly, or during pain, is of benefit. 
I'he bromides are of value in helping to control persistent arrhythmias. 

H. I*RE< ouDiAL Pain of Extracardiac Obioin 

1 . Outrie Distorbanees. — Patients with gastric disturbances, par- 
ticularly those in whom epigastric distress is marked, are apt to suffer 
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from referred precordial pains. The clinical picture is that of hyper- 
afidity, or of gastric or duodenal ulcer. Belching, loud and explosive 
in character, is usually a prominent svuiptom. The precordial pains 
are commonly shari>, neuralgic, fleeting, and inconstant in character; 
their distribution is usually along the fourth and fifth left intercostal 
spaces. Pain referred to the left shoulder is rare. Corresponding to 
the anterior distribution, there may be a similar area posteriorly. A 
precorfiial Head's zone is unusual ; its area of distribution inconstant. 
There may be a close association between gastric sjniptoms and pre- 
cordial pains, particularly when " hunger pains " and belching are 
marked. There is no decompensation or dyspnoea, WTien gastric 
symptoms are stormy, extrasystoles may occur. Treatment is natu- 
rally directed to the underlying disease. I have found most benefit 
from atropine given in full physiologic doses three times a day Ijefore 
meals, and from an antacid powder containing equal parts of sodium 
bicarbonate, magnesium oxid, and oieosaccharated peppermint in half 
teaspoonful doses after meals. Appropriate diet given frequently and 
in small quantities is important. As already noted, gastric s\Tiiptoms 
also accompany cardiac disease, so that the correlation and study of 
all the clinical data are necessary for a correct diagnosis. Unless 
extrasystfjles are subjectively annoying, they require no medication ; 
othenvisc they may lie partly controllt^l by bromides. 

2. Precordial Pains from Esophageal Disease. — Carcinoma, syph- 
ilis, ulceration, and diverticula are the usual organic causts of referred 
intercostal and precordial pains of esophageal origin. In some cases, 
organic disease is absent ; the symptoms may then be due to esophageal 
spasm, espe<nally in the region of the cardia. The usual symptoms are 
an uncomfortable, conscious gulping effort on swallowing solids or 
fluid, accompanied by sharp pains referred to the lower sternum, and 
radiating to tlic preeordium or even to the upper and lower extremities. 
Such sjTiiptoms are occasionally mistaken for those due to aortic aneu- 
rism ; and the difficulty in swallowing, tt> aneurismal pressure on the 
esophagus. 

An illustrative case with therapy follows : 

Male, agetl 4S, stated that for seven years he had " choking sensa- 
tions " in the larynx and severe substernal patns on attempting to swal- 
low soli<l food. These pains occasionally radiated to the head, anns, 
and legs. The symptoms became progrcssivelj- worse. The neurologic 
and physical examination revealed nothing abnormal ; the fluoroscopc 
showed a normal aorta. Was.'wrmann reactions of the bloo<l and spinal 
fluid were negative; the stools, urine, and gastric contents were normal. 
Hoentgenograma showed a pouch-like dilatatit>n of the middle part of 
the esophagus. An esophageal bougie was arrested opposite the middle 
of the sternum. Finally a small liougie was passetL For purposes of 
flilatation bougies of increasing caliber were employed. At first semi- 
stjlid, later solid fowl was given. Atropine sulphate, grain three 
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times a day, was administerefl. The pains grarlually subsided and 
finally diisappeared. The patient was taught to pass a stomach tube; 
this he did for some weeks after he left the hospital. An examination 
months later showeil that esophageal symptoms and pains had disap- 
peared, anfl there had been a considerable Increase in weight. 

Precordial Pains Accompanying Crises of Acute PulmoDAry 
Affections. — Such attiicks of precordial pain are fairly common with 
the crises of influenzal bronchitis, especially when sharp critical sweats 
are present. Head's zones in the left nipple region, and arrhjthmiaa 
(estMjcially sinus arrhythmia and extrasysbjles), are frequent, a com- 
bination suggestive at first sight of toxic myocarditis. Symptoms, 
however, last only a few days ; except for pain and arrhjlbmia, the 
heart is normal ; tliere is no decompensation or etlema. Examinations 
made months or years later have shown that the cardiovascular s>^tem 
had not been damaged. 

The following is an example: 

A physician, agcil 43, never had any cardiac complaint. He con- 
tracted pharyngeal and bronchial gripi>c. There were critical defer- 
vescenc-e, sharp sweats, an irregular pulse, and sharp stinging pains in 
the left breast. The patient feare«l that he had an infectious myocar- 
ditis, and carefully avoided every unnecessary exertion. Examination 
revealefl a small Head's zone confinwl Ui the left nipple region, and an 
arrhythmia which polygraphic and electrocurtbographic tracings showed 
to be due to auricular extrasystoles. Otherwise the cardiovascular 
system was normal, The patient was reassured, told to get out of bed, 
a.nd given atropine sulphate, ^hi grain three times a day before meals, 
and bromides at night. lie was sent to the country and advnsed to 
exercise as much as he chose. He was soon able to walk several miles 
daily. Within one week the extrasystoles and pain disappeared, and 
have not .'iince returne<l. 

4. PTecordial Pains Accompanying Vasomotor Disturbances at the 
Menopause. — Women at the climacteric period, w ith marked vaso- 
motctr disturbances {flushes, heat flashes, cold extremities, etcOi fre- 
quently ha\e persistent precordial pains without evidence of organic 
disease of the heart or neighboriTig organs. They are possibly evidence 
of vasomotor circulatory disturbances in the heart itself. The patients 
rarely react well to medication. Bromides and small doses of atropine 
and nitroglycerin are of most value. Ovarian (corpus liiteum) tablets 
arc occasionally helpful. Hurry and excitement should be avoided. 

5. Precordial " Neuralgias " of Unknown Origin. — Under this 
heading is grouperl a small number of individuals, usually young and 
apparently healthy and vigorous, without x-icious habits, with no rheu- 
matic manifestations, in whom continued and frequent examinations of 
the heart and otlier organs reveal nothing abnormal. Occasionally, 
sudden explosive belching or singultus occurs. In one of my cases, 
smoking some years previously might have been an etiologic factor. 
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The pains are apparently quite h&phazanl in their onset and duration, 
and in my experience defy medication mid therapy. 

In this group may also be placet! females who complain of indefinite 
chest painB and distress, and who. from other manifestations, apparently 
suffer from a functional disorder of an internal secretory organ or orjjans. 
These patients are cx'casionally relieveti by metiication nimal at sub- 
stituting tlie presumnl sffxetory deficiency. 

r>. Pott's Disease, Medlastiiial and Spinal Tumors, Tabes, Inter- 
costal Neuralgia and Myalgia, Plemisy, Fericaiditis. — These are ad- 
ditional extracardial conditions and diseases producing precordial pain. 

The etiologj' and types of precordial pains here tiescribetl are ad- 
mittedly incoraplcte. Only those freriuently encountered and clinically 
iuiptjrtaiit have been discussetl, and their <t>rrelation with intra- or extjra- 
canliac disease descrilx'd. It is recognizetl, also, that the various groups 
sometimes overlap. In organic cartlio\'ascuiar disease, I have en- 
deavored to estimate roughly the extent and nature of the pathohtgic 
damage, and to gauge, if possible, the amount of remaining healthy 
tissue which may be favorably influenced by therapy. Thus studied, 
one obtains a basis for rational therapy, with its prospects and limita- 
tions. The postmortem specImetLs of advancetl corcmary. endocardial 
and myocardial disease, with the history of precordial distress during 
fife, should not blind us to the fact that some of these patients have 
lived mau^* years despite their diseased organs. 
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CHAPTER XXTl 



THERAPY OF PNEUMONIA FROM THE CmCTJLATORY 

STANDPOINT 

Because of the frequency with which cardiac drugs are employed 
in paeumonia, I wish to review my impressiions gained in the drug treat- 
ment of many cases of pneumonia. I sJiall not touch upon tlie bac- 
teriological or chemotlienipeutical aspects. Stiiti-^tical stmly of 
various epidemics or methods of treatment have likewise not been 
dwelt upon. Indeed, it is because I feel that none of the methixls 
of medicinal treatment has been followed by any demonstrable corre- 
lation of cause and efTect, or of tlierapy and subsequent cure, that I 
have discarder! statistics as bringing us no nearer to the therapeutic 
and circulatory pniblems of pneumonia. A study of these methocis, 
some of them directly antagonistic in theory and practice, arouses doubt 
as to their possible efficacy- Mere mention of some of tlie types of 
treatment, many long since discardetl, may therefore not be amiss. 
Creosote, alcohol, no treatment until the crisis, no treatment for hj-per- 
pyrexifi. cold sixmRcs or even tubs for the same sjinptom, no i^timulution, 
stinmiation at the crisis only, stimulation to prevent the dangers of the 
crisis, camphor in oil, eaffein, digitalis, adrenalin, venesection, fresh 
air, cold nir, are or have been popular. 

" Stimulatioii " has been the umh] therapeutic kevnote, for the 
flanper was ahvays correctly conceived to be circulatory failure. I have 
used all of the recognized cardiotonics — ■ digitalis, stnjphanthus, cafTein, 
adrenalin, as well as those who.se effect upon the circulation may well be 
questionetl — alcohol, stry<-hnine, canipbor. Camphor I have used in 
smaller, repeate*!, as well as in several larger hj-potlcrmic injections, 
though experiments have shown that camphor in oil had no effect in 
delaying or preventing death in artificially induce^l pneumonia, I 
have employed tlie other drugs mentioned in all possible forms and 
<'onibinations; in heroic, in small and miKleratc doses, subcutaneously, 
intravenously, and internally, before, during, and after the crisis. With 
possible isolated exceptitms. I have yet to see any of the effects upon 
the circulation which follows the use of some of these drugs in the ex- 
perimental animal, or in cardiac failure from can I io vascular disease. 
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The chief reasons for disappointment in pneumonia therapy are, I 
believe, that we are dealing with an infection of v arying virulence and 
involving varying amounta of lung tissue, l^erefore I have attempted, 
for clinical and therapeutic purposes, to roughly group anii to treat 
pneitmonia according to degrees of toxicity and the extent of Iwag 
inTOlvement. I consider the crisis u separate problem for thtrapy. 

1. Toxic Cases. — In the cxtremety toxic group, tNpically exempli- 
fied by sharp onset, early delirium, subsultus, dry tongite, no pain, 
rapid pulse and breathing, my experience has been that attempts at 
" stimulation," a term wiuL-h we shall apply to drug tlierapy used to 
combat and treat circulatory failure, are almost always without cfficacj*. 
These patients apparently defy all drug therapy and sometimes die 
before the area of pneumonic im olvement becomes clinically recctgnlzable. 
Deatli ensues from acute toxemia. Stimulation, even if heroic, has not 
in my hands in any visible manner delayed or prevented the fatal out- 
come. The reason is apparently l>ecauiie the drugs do not combat the 
infective factor. Experiments throw an interesting sidelight u|M)n this 
problem. It has been found that hearts perfused with pneumonic blood 
lose their efficiency, which is later restored by the use lA normal blood. 
Whether in the human Ijcing the changes wrought in the cardiac muscu- 
lature are, or later become, myocarditis are questions into which we shall 
not enter. 

It is usually believed that in toxic pneumonia there is marked vaso- 
motor failure, though others, as the result of animal experimentation, 
have held otherwise. I have only very rarely seen any therapeutic re- 
sult from single or repeateil Injections of adrenalin given subcutaneously 
or intravenously. A like negative result has almost regularly followed 
the use of strophanthin and other digitalis bodies when tlie pulse was 
regular. That digitalis does localize Itself and affect the heart muscle 
in pneumonia as in purely cardiac disease has recently been shown by 
A. E. Cohn, who found the usual electrocardiographic ev idence of digi- 
talization — a negative T wave (Chapter VI), l>espite this change in 
the electrocardiogram, I have foiuid, in rh.rthmic cases, no evidence of 
any help to the circiJation from digitalis — cj'anosis was not 
creasctl, dangers from edema of the lungs not retluced. 

As a favorable prognostic sign, Gilison has emphasized a certain 
parallelism between pulse rate and systolic blfMid pressure; but 
others as well as myself have found his so-called law of no significance. 
The removal of 5<XI to 700 c.c. of blood by venesection gives occasional 
temfK>rary relief in toxic cases ; the benefit seems attributable to riilding 
the body of toxic material rather than from any primary circulatory 
relief. 

2. Area of Pneumonic InvolTement. — With no evidence of severe 
toxemia, slowly progressing consolidation confined to one lung is usually 
not dangerous during the acute febrile period. Such are probably the 
cases in which no treatment or any treatment has its measure of success. 
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If, however, there is massive sudden involvement of one entire lobe and 
part or all of another, the inflamed area in itself offers a problem for 
therapeusis, aside from the question of toxicity and crisis; for the 
pulmonary circulation may be sufficiently interfered with to produce 
cyanosis and beginning circulatorj' failure. Here venesection ia clearly 
indicated for the relief of pulmonary stasis ; " stimulation " has a better 
chance for success, for the problem approaches more nearly a purely 
circulatory one. Cardiac tonics should be given in large doses from the 
very outset, to combat, if possible, e\-er impending circulatory failure. 

3. The crisis apparently marks that point at which there is mure 
or less complete sudden destruction of the pneumococci in the lung, 
while lysis marks their more gradual destruction, llie main dangers 
during crisis are general, from sudden systemic toxic invasion; and 
local, from ecleraa of the lungs. The local danger, from the circulatory 
standpoint, depends upon the amount and rapidity of resolution, and 
consequent pulmonary edema. An extremely important factor, scarcely 
mentionetl in the literature, is the presence or absence of expectoration 
at the crisis. Pulmonary edema complicates and accompanies resolu- 
tion more frequently if expectoration is absent ; while if expectoration 
takes place, there is increasing opportunity for pulmonarj' aeration, 
and less for edema. I alwai>'s insistently try to make the patients 
cough in the hope of loosening and expectrtrating the piieumonic prod- 
ucts. WTien,' despite this, edema of the lungs supervenes, as sliown by 
the loud mucous bubbling rales o\'er th^ pneumonic and other areas of 
the chest, the chances for success become less, but even tlien 1 have the 
attendant regidarly rouse the patient to coughing efforts as long as 
consciousness is retained. As far as one may judge, stimulation in 
acute pulmonar>- eiiema occasionally keeps the patient alive for some 
hours or even a day, and may exceedingly rarely seem to pull a patient 
from death. 

With lytic or gfTadu&l resolutioa, even with ver>' sharp critical 
drops of temperature, the battle is usually won, for edema of the lujig» 
rarely occiirs and stimulation may be efficacious. However, even in 
cases of non-massive pneumonic involvement in young, vigorous indi- 
viduals, with no evidence of toxicity during the attack, sudden, almost 
tragic intrusion of critical resolution, edema of the lungs, and death — 
all within a few hours — may super\'ene. One instance especially im- 
pressed me — that of a young, healthy individual to whom the pneu- 
monia was literally a laughing matter. From the presence of perspira^ 
tion and from the physical signs in the lun^, I was able to foretell the 
onset of critical resolution some hours before the tj.'pical drop in tem- 
perature. Heart and pulse were then perfectly satisfactory. Her- 
culean efforts were made by stimulation and otherwise to wanl off the 
dangers of edema of the lungs. Within six hours, however, the patient 
died from pulmonary edema ; while in an adjoining ward, an old woman, 
severely poisoned by her pneumonia and very sick for over one week, 
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had reached the crisis with slow, Kradual resolution of the pneumonia, 
and was slowly and surely cunvalesciiig. 

Where digitalis has been given, its effect in eausiitg arrh>'thiiiia 
mast naturally be considered. Aside from thk, a study of cardiac 
irregularities occurring during the course of, and at the crisis of, pneu- 
muiiia offers interesting and important therapeutic problems. The 
usual t.N'pes are moderate bradycarilia, sinus arrhj'thmia, extrasystoles, 
auricular fibrillatioa. and heart block. It is sometimes assumed that 
the presence of the arrhythmias is imlicative of some organii* affection of 
the cardiac vah'es, or of the musculature. But, as in the non-pneumonic 
individual, irregular heart action does nc»t in itself necessarily mean heart 
disease. Indecfl, some of these arrhythmias — especially sinus arrhyth- 
mia, moderate bradycardia, and extrasystoles — when found with an 
Qnembarrassed circulation, at or immetliately after, the crisis usually 
oiftT ^'(xtd t liTiical evidence that the disease has definitely run its course. 
The irrcfjular cardiac action is apparently due to a neurotropic effect 
of pneumonic tf>xins. \Miether the latter act upon the meilidlary 
center or upon the heart itself it is impossible to state. Because of 
their occurrence at the time of crisis, and because some drufjs (for ex- 
ample, morphine) pnxluce arrhythmias by affecting the cartlio-inhibitory 
center, I am Inclined to the former view. These arrhythmias usually last 
a few hours or days. I have followed some of these cases for years and 
have never observed any correlation between the arrhytfimias and the 
possible later development of organic cardiovascular disease, 

I have observctl auricular fibrillation — complete irregularity of the 
pulse — several times at the crisis. In three such patients, each of 
whom had several crises frr^m successive involvement and resolutit»n of 
various pulmonarj' areas, there were attacks of fibrillation lasting several 
hours with each crisis. Two of the patients were elderly; the thirtl, a 
vigorous adult. None showed circulatory embarrassment or heart 
failure during the course of the fibrillation ; on the contrary, there was 
the usual picture seen in favorable crises with normal rhrthm. On the 
other hand, I have observe*! other cases of auricular fibrillation occurring 
during the course of toxic pneumonia, all of whom diefl. In these it 
was imjKwsihlc to estimate httw much the arrhrthmia itself ctmtributetl 
to the dangers of the pneumonia. 

Complete beftrt block with slow ventricular rhj-thm is rarely found 
in pneumonia. That it may be functional in origin and probably due 
to abnormal action upon the cardio-inhibitory center seems indicated 
by two of ray ca-ses, one of which eame to necropsy. The patient had 
l>een ill for some time, there was no history of digitalis medication. 
Microscopically anil grossly, the eaniiac musculature and the bundle 
of His were found normal. 

The therapeasis of arrhythmias developing in pneumonia is similar 
to that in non-pneunjonic individuals. If accompanied by heart failure, 
the arrhjahmias are of serious, possibly ominous import. Except in 
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heart block with slow ventricular activity, when atropine should be tried, 
the treatment of these arrh>'thmias is no different from that of the other 
phases of pneumonia already discussed. If arrhythmias are unaccom- 
panied by failing circulation, though they perhaps should not be entirely 
disregarded, their import is slight and they rarely require se|>arate 
medication. 
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Calomel 

dosage, 221-222 

use of, 221-222 
Camphor 

effect of, 220 

in pneumonia, 273 
Canadian Hemp 

See Apoctnum 
Cardiac Displacements 

causes of, 30 

classification, 28 
Cardiac Efficienct 

See Functional Efficienct Tests 
Cardiac Enbrot 

mechanism of, 242 

relation to blood pressure, 242 
Cardiac Failure 

See Decompensation, and Myocar- 
dial Insufficiency 
Cardiac Malformations, Congenital 

orthodiascopy of, 122-128 
Cardiac Neurosis 

carbon dioxide baths for, 226 

hydrotherapy for. 224-225 
Cardiac Outline (see aUo Orthodia- 
scopic Tracing) 

mapped out by percussion, 135, 137 

methods for determining, 135, 137- 
138 

relation to physique, 137-138 
Cardiac Paralysis 

in diphtheria, 152 
Cardiac Rate 

action of digitalis on, 213 (see alto 
DiorrALis) 

importance of radial tracing, 18 
Cardiac Syphilis 

aneurismal dilatations in, 184, 185-193 

aneurisms in, 184 

clinical symptoms of tertiary, 184-185 

diagnosis of, 184 

effect on heart valves, 184 

heart block in, 101 

myocardial involvement in, 184 

pathology of, 158. 159 

precordial pains in, 266 

therapy of, 266 

valvular disease and, 158, 150 
Cardiac Tube 

crista terminalis of His, 1 

development of, 1 
CARoio-iNHiBrroRY Center 

relation to extrasystoles, 97, 98, 99 

relation to heart block, 101. 102 

relation to sinus arrhythmia, 96 
Caroio-nephritis 

ventricular arrhythmia in, 08 



284 



INDEX 



Cardio-rbnal Disbam 

effect of theobromine sodium salicylate 

on, 217 
KarreU diet in. 218-219 
pathology of, 164 
Cabdiobclbkosib 

(See aUo Mtocarditib) 

aortic dilatation in, 186, 194-195 

arrhythmias in. 198, 202 

auricular fibrillation in, 62-63, 198 

cardiac syphilis and, 184 

caused by pneumonia, 154-155 

complications of, 199 

digitalis in, 212-214 

dyspnoea in, 197 

etiology of, 164 

inspection of chest in, 194-195 

jugular pulse in, 129 

liver in, 198 

myocarditis and, 194-206 
nitroglycerine in, 219 
pathology of, 164 
precordial pains in, 197 
prognosis in, 199-200 ff. 
prognostic importance of acute acci- 
dente in, 201-203 

cerebral hemorrhage in, 202 

clinical history in, 200 

coronary disease in, 203 

hypertension in, 204 

hypertrophy in, 203-204 

myocardial insufficiency in, 199, 
200-201 

pneumonia in, 202 

pulmonary stasis, 202 

uremia in, 204 
pulmonary symptoms of, 198 
ventricular fibrillation in, 203 
Cabdiobclerosib, Acute Accidents in 
prognostic significance of, 201 
relation of cardiac hjrpertrophy to, 

203-204 
types of, 201-203 
Cardiosclerosis, Senile 
arrhythmias in, 98-99 
blood pressure in, 267 
digitalis in, 212 
precordial pains in, 267 
symptoms of, 2G7 
therapy of, 207 
Cardiovabcular Disease 

blood pressure in hypertensive, 246- 

247 

blood pressure in organic, 246-248 
caused by pneumonia, 154-155 
caused by pyorrhea, 157 
etiology of. 149-169 
pathology of, 164 
Cardiovascular Disease with Htper- 

TENBION AND MtOCARDITIB 

blood pressure in, 246-247 
heart changes in, 247-261 
pathological basis of. 246-247 



Cardiotabcular Disease wits HrraB- 
TENSION AND Mtocarditis (ConUttued) 

precordial pains in, 260-262 

symptoms of, 261 

therapy of, 261, 262 
Carotid Pulse 

clinical significance of. 130 

in aortal disease, 130 

in aortic aneurismal dilatation, 186 

in aortic regurgitant lesions, 130 

in aortitis, 130 

in arteriosclerosis, 195 

in extrasystole, 54 

in hypertension, 130 

in tachycardia, 130 
Carotid Wave in Poltqbam, 15 
Cerebellar Pressure 

and eztrasystoles, 97 

and heart block, 102 
Cerebral Anemia 

blood pressure in, 249 

in aortic stenosis, 172 

intracranial tension and, 249 

symptoms of, 249 
Cerebral Circulation 

interference of, causing heart block. 
102 

Cerebral Hehobrhaoe 

in cardiosclerosis. 202 

in hypertension, 204 

in streptococcus viridans, 178 

intracranial tension and, 249 
Cerebral Lesions 

in streptococcus viridans, 178 
Cerebral Pressure, Increabbd 

and eztrasystoles, 97 

and heart block, 102 
Cerebral Tumors 

causing intracranial tension and hyper- 
tension, 249 
Chloral 

in acute rheumatic endocarditis, 174 
Codeine 

in aneurismal dilatation of aorta, 192 

in tachycardia, 106 
CoHN, A. E.. 28, 47, 274 
Colloidal Silver Salts 

action of, 222-223 

in endocarditis, 222-223 

COLOIUMETERB, 231 
COMPENSATORT PaUSE 

absence of, 62 

after extrasystole, 52, 54, 70 

in paroxjrsmal auricular tachycardia, 56 

in ventricular escape, 74 
Complex, Notched 

cause of, 34, 36 

significance of, 36, 36 
Conduction System 

See AuRICULO-yENTRICULAB CONDUO 
TION StSTEM 

Conduction Time 
classification, 48 
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Conduction' Tike (Continuttl) 

etioloKy of prolonged, 83, 84, 103-104. 
* 206 

in acute endocarditis, 160 

in auricular eztrasystole, 51-52 

in auricular flutter, 65 

in exophthalmic goiter, 56 

occurrence of prolonged, 103-104 

shortened, 84, 101 

therapy of prolonged, 104 
CoNDUcnvmr of Cardiac Muscuiature, 
4 

CoNOENiTAL Cardiac Disease 
orthodiascopy in, 122-128 
relation to length of life, 128 
types of, 122-128 

with right ventricular hypertrophy, 33 
Contractility of Cardiac Musculature, 
4 

effect on T wave, 45 
electric reaction produced by, 22 
in functional efficiency tests, 236 
relation to electric excitation, 27 

Contractions, Ectopic 

differentiation from extrasystole, 62 
differentiation from norm^, 52 
in auricular fibrillation, 62, 63, 64 
in normal rhythm, 51 

Copper 

action of, 150 

Coronary Artery 

auricular fibiillatioa in thrombosis of, 
105 

disease of, 149 

embolism, auricular fibrillation in, 105 

embolism of, 203, 264-265 

effect of nicotine on, 268 

effect of nitroglycerine on, 219 

heart block and disease of, 101 

in cardiosclerosiii, 164, 203 

infarction of. 203. 264-265 

precordial pains in, 264-265 

relation to coronary plexuses, 5 

relation to supply of A-V conduction 
system, 9. 10 
Coronary Disease 

course of, 203 

endarteritis and, 163 

precordial pains in, 203 

prognoMia in. 203 

8>'mptoniH of, 20.3 

with arterio.><cIerosis, 203 
Coronary Sints, 1 
Coupled Rhythm 

caused by digitalis, 206, 211-212 

definition of, 4S 

diagnosis of, 5-1 

electrocardiogram of, 73-74 

method of estimating blood pressure 
in. 250 
Crises 

cause of, 99 

in pneumonia, 275 



Cyanosis 

blood in. 168-109 
blood preosure in, 246, 249 
effect of digitalis on, 211, 213, 246. 
249 

effect of strophanthin on, 215 
in decompensated mitral regurgitation, 
170 

in diphtheria, 152 

in patent foramen ovale, 127 

in patent interventricular septum, 126 

in pneumonia, 275 

in pregnancy with cardiac failure, 238 

Karrell diet in, 218-219 

Nauhcim baths in, 226 

tricuspid murmur in, 142 

venesection in, 249, 275 

with dyspno-a, 168, 169 

without dyspnoea, 169 

Decompensation 

blood pressure in, 240 
causes of, 167-168 
digitalis in, 174, 214 
extrasystoles and, 97 
in ancurismal aortic dilatation, 189- 
190 

in aortic stenosis, 172 
induction of premature labor in, 240- 
241 

in mitral regurgitation, 170 

in streptococcus viridans, 180-181 

jugular pulsation in, 121 

massage in, 223 

passive motion in, 223 

prcKnanry and, 238 

with wide R, 37 
Depressor Nerve 

relation to blood pressure, 242-243 
Derivations 

See Leads 
Dextrocardia, Acquired 

cause of, 30 
Dextrocardia, Congenital 

clasHification, 28 

clinical recognition of, .30 

differentiated from acquired dextro- 
cardia. 32 

effect on electrocardiogram, 30 
Diabetes 

cardio- vascular symptoms in, 151 

effect on heart, 151 

therapy, 151 
Diaphragm 

in normal orthodiascopic tracing, 111- 
113 

in squatty heart, 28 
mobility of, 113, 114. 138 
Diastolic Period 

effect of digitalis on, 213 
k wave in, 17 
in sinus arrhythmia. 82 
in tachycardia, 55 
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Diastolic Prbbsitrb 

m index ol curcliac and cerebral dieeoac, 
247 

in uremia, 304, 247 
nonnai, 

DtArHEimT 

effect oa blood pnsaire, 253, 261 
Dicrotic Notch 

cause of, 19 

height of. 20 
Dicrotic Wavb 

butchjus of, 19 
Diet 

in cBrdio-rcnol diacose, 230-233 

ib (M^mpetisatcd valvular disease. 229 

in myocardial iDsufficieni-y, 2<i0, 263 

in precordial p»i(i.<< o( gastric origin, 269 

in uTemifl., 202-203 

KjLrn?II — nee Karrell Diet 

Moseathal's nephritic test, 231-232 

Sehlaypr'n, 231 

DlOtTAUS 

aclioD on arrhyHiinia* by, 206-209, 

211-215 
ftrrhythmliH from, 198, 306-207 
atropine Hulpfajctu and, 2O0, 200-210, 

215 

biadytMrdin from. 100 

oonip«red with rrystalliuL' stropfaan- 

thin. 215-210 
cx) in pared with theobrDmlne sodium 

•idycilate, 217 
compensatioa &nd, 2.^7 
coupled rhythm frcim. 206, 211-212 
tnlmtilativc pfTert of, 312 
danger of overdose of, 212-213 
doaaga of, 210-212 
duTAtioii of notion of, 212 
eSevt on blood pnwaure, 192, 213, 

240, 261-202 
effect ou heart, 45<^6. 208-209. 215 
effect on heart miirraur». 140. 14 1 
effect OD T wave, 45, 46, 274 
effeetou ventricular netion. 200,211, 213 
effects, summary of. 2lo 
cxtraayHtolM fmra, !M), 206, 207 
heart bJnck from, 90 
hiuigsr paiiRfl ctkuscd by. 207. 2l<^ 
hypersensitiv^Moss to. 207 
In acute rndorarditU. 21.3-214 
in aneuriiiniiil nortir dilntatiun. 192 
in aorljo ]i>sioriA, 213, 214 
in aurinlJnr fibrillntioD, 02-04, 105, 

206. 207. 210-211. 237 
in auricular flutter, BO, 107, 207 
in eardi/ic ».vphili». 206 
In lardirtBplertjBis, 212-214 
in ehronic ix^ricardiiin, 214 
in coronary diNraat, 213 
ID cyanoNi.'., 211-213. 246, 240 
ID dc>coinppnsat«| cafdioviUCUlAI' die* 

«MHi. 214-215 



DlOITALis (Cantittiifdy 

in dc(v>iDpensat(>d mitral stcntMia, 174 
in dt>ounipensated vtilvular diseaw, 

214-215 
in derampotisiition. 174 
in febrile diswastai. 214 
in hypertoiiaive myocardial iiiatiffi- 

rioticy. 262 
in mitral le^ooa, 213, 214 
in non-hs-pertensive myocardial inauffi- 

cletH'y. 263 
in pericarditis, 213-214 
in pnetimdnitt. 27.'J-274 
in premature artcriuttclerosis, 267 
in senile artcrioaciorosis, 267 
in senile earduMderoaia, 207 
in tt«atment of extra^'iitolea, 99, 207 
in Ireatmetit of heart blurk. 111. 208- 

209 

in treatment of tachycardia, 106, 211- 

212, 214. 237 
in valvular lesiona, 213-215 
Karrell diet and. 218-219 
preparations of, 210 
l>rolonKed conduction time fronti 83, 

103. 306 

pulse alternation from, 02, 200, 20S 
iiiuuH arrhythmia from. 206, 211 
s)*mpton]a of poisoning by, 207 
va£us inhibition .-ind. 207-215 
variability in alworptioii of. 210, 212 
ventricular fibrillation and, 203, 213 
vomiting from, 209-210, 211, 315 

Dilatation, Cahdiac 
cause of. 168 

DipMtfiEniA 

cardiac irregularities in, 152-153 

dwUi in. 153 

endocarditia and, 152-133 

method of diagnosing heart mndilioaa 

Iv. 162-153 
myocarditis and. 152 

Dbop Hbabt (#« al$a XARnotr Hbakt) 
clnsailicatioa. 28 

cILtucal recogidtioh of, 30, 115, 256 
description of, 30 

cblomcl in, 221 

theobromine aodium Ralicylate in, 217 

" DufTIt-SHAPCP " HCAUT, 119 

Di.it.TUB ARTEiuoars (Dc£:n'fl Botalli) 
and right ventricular hypertroph}', 33 
illuatrative esses, 125-126 
in fetal heart, 2 
urtliodiasropy of, 125-126 
palpation in, 133 

«ymplom.4 of patent, 124, 125, 126 
DtfCTua BoTALU 

DUCTL'S A^BTEiuoaL-a 

DrapNCKA 

action of Btrophanthiu in, 2 IS 
aft«r maMage. 223 
alter puaivc motion. 223 
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DrsFNOU (Continurd) 

nod poI^'Kniphic rvunstiDtioo, 13 
euued by diphiherlti, 1 52 
in CBOrdkwdoroein. 168, 197. TiK) 
in emoiwy discttw, 203 
in pngoaacy with ronlioc frtiliire, 23S, 
239 

in prcmatUTD artcricMcleruiUB, 266 

in uremia. 247, 202 

in unemiB with rardiosrlen>Bifi, 204 

Karrell diet in. 21*-3I9 

Nuuhpim haths for, 226 

origin of, 168 

rotation of blood to, )6H 

with anemia. 168 

n-ith anpurismal aortir dilatation, 190 
witJi cardiac syphiLis, IS4 
with chronic (^ndcM>arUiU9, 170 
with cyaiioBi». 1G8 

with d«rt:inip4?iuaUMi mitral roeurgi- 
tatioD, 170 

Edkua 

anmrisma] aortic dilatatina and, 10(1 
aortic regurgitation and, 173 
blood pn^asuiv in, 244 
calomel in renal. 221-222 
ca.rdiosclprrfsia and, 198 
rlirotiic cndix'ardicis and, 169 
diet in, 23Q 

ciidomyocardia] dis€>ase with, 2fl4 
hy|>crteju)ivo procurdiat p«iniii with, 
262 

KaiTPll diet in, 218-219, 230 

musaaRe in, 22.1 
Nauhnm baths in, 226 
prpRiiancj' and, 2,18 
Btcondat^' cardiac ^jphilia and, 1*1 
EiNTHOVBK, 23. 2.S, 26. 39. 40-43, 45 

El-EC-rlUC PoTtNTlAL 

description of, 27 

differoncp in, causing deviatiotw, 39 
pCTpct of c!irdia« displacvmenl on, 30 
EutCTmcxt. Axra of Heart 

dectnK'ardioKTuphic devinliuus and. 

mrthoii of tlot^rniininf;, 40 

HiimificiiJicv in clocrnicnHlictgram, 23^-27 
Etj-.(-riwr*u NECATmrr. 27 
ELt:^'-t'ltol^AltbIOOIIAM 

apical negativity in. 42 

uuriciilBT complex of, 2$ 

dcvUtiotiK of. 39-40 rt. 

ditdlinc rune of, 2-1, 4.1 

effort of digitalia i>n, 274 

(^ffr'ct of aia« ftnd vdIiuho of heart on, 
27-28 

leads of, 25 

■nathraiHtipal hmnt of. 39-43 
method of taking. 23-25 
mniiiiphojiic rurv'p in. 22, 27, 45 
P wavit in, 26 
variatiuns from nonntJ, 2A 



ELECTROOAROIOORAPinC APPARATUS 

description of, 24 
physiolofcicAl tMi«ts of, 22-23 

ENIKJCAKDITia 

acute bacterial («» aUo KNDOCAHDIDa, 

BACTIRlAt). 17B 

almhal causinK, laO 
•UTieular'flu(t«r in, 66. 107 
bacteria causitiK, 156, 161-162 
baeteriol agents eauaias. Ifi2-I57, 
162 

chemical a^entA causing, 14&']&2 

claanfications uf. l6o 

diabetes causing, 151 

digitalis in. 213-214 

diphtheria toxina raiuing, ifi2~I£3 

etiology of, 149-199 
extraction nf teeth for, 1S6- 1S7, 227 
fever in, 1&&-166 
gout caunug, 151 
inspection of apical r»gioti in, 131 
leati (wisoning causing, 149, IdO 
metallic poisons cauniiig, 149-1^) 
tnciuth infection causing, 156-157 
mtimiur in, 144 
p«thaloK)f of, 161-1Q2 
phoaphoroua poisoning causing, ISO 
pneumonia as (»uae of, IfiS-lfifi 
pnxlucUt of food notaboUsni c-auaing, 

131-132 

progno«is of rheumatic, 174-178 
prolonpccd cnnduriion time in, 
pyoRenic alweesica eau»ing. 157 
pyorrhea alveolaris causing, 155^167 
rhctimatism caiiMng, 155 
silver sol to in. 222-223 
Btreptoooecu* viridana in, 177-1S3 
Hl'mptomatologj' of acute, 162. 160-167 
symptoauitoloo' of chronic, 1(12, l€7- 
173 

Qmptomatology of subacute, 162 

symptinmfi of rheumatic, 16&-)66 

ityphiliii niid, 15K~I50 

tobacco poiiKining cuuxing, 150-151 

tonsiHectomj' in. 226-227 

tonnltiti!! nuiJiitig, l55-15tJ 

vbJvcs afTfcted in, l-W 

venUiculur diliiUttion in, M 
EifDOCAKorna, ArT-T-K Kiirumatic 

dlagnosk of, 167 

0»werbatiniui in. 2M 

pains in. 167, 204 

prpcordial painn in. 

ailver salts in. 223-223 

srymptotns of. UWJ-I67, 264 

therupyof, 17,1-174, 264 
KKDOCAHnrnti. BAc-ncaiAi, 

bactfirin cnustug, 153-157, 161-103 

4vitir)t(i of, 177 

differentiation from rheumatic, 17ft 
elTecl on myocardium, llW-104 
arigin nf. 176 
IwUlolugy uf. 161 
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Endocarditis, Bactbrial (Continued) 

petechia in, 177 

eeptic infarcts in, 177 

symptoms in, 176-177 

tabulation of bacteria in, 158 

valves attacked in, 158 
Endocarditis, Chronic Rhkumatic 

aortic regurgitation in, 173 

cyanosis in, 168-169 

decompensated mitral regurgitation in, 
170 

decompensated mitral stenosis in, 170- 
172 

decompensation in, 170-173 

dyspncca in, 168-169 

hemoptysis in, 173 

precordial pains in, 169-170 

renal involvement in, 169 

streptococcus viridans in, 177, 222 

symptoms in, 167-170 

therapy of, 173-174 

visceral congestion in, 169 
Endocarditis, Fibroplastic, 162 
Endocarditis. Infectious, 176-177 
Endocarditis, Mauonant, 161, 176-177 
Endocarditis, Productive, 161 
Endocarditis, Rheumatic 

complications of, 175 

diagnosis of, 167 

differentiation from acute bacterial, 
176 

endocardial manifestations, 165-166 
exacerbations of, 167 
marriage of women with, 238 
myocarditis and, 164 
pathology of, 161 

prognosis of acute and subacute stages 

of, 174-175 
prognosis of chronic, 175-176 
prognosis of quiescent, 175-176 
prolonged conduction time in, 103 
rheumatic manifestations in, 166 
symptomatology of, 165-167 
valvular murmurs in, 139 

Endocarditis, Septic. 101, 176-177 

Endocarditis, Simple, 161 

Endocarditis, Ulcerattve, 161-162, 176- 
177 

Endocarditis, Verrucous, 161-162 
Endocardium 

artheromatous changes in, 160, 161 
. cardiosclerosis, 164 

description of, 2 

development of, 1 

effect of lead on, 149 

fatty degeneration of, 160, 161 

in tertiary cardiac syphilis, 184 

sclerosis of, 160, 161 

structure of, 160, 161 
Enterorrraoia 

in streptoooMus viridans, 180 
Epicardium 

description of, 2 | 



Epioastric Pain 

cause of, 269, 260 

relation to precordial pains, 259, 
260, 268-269 
Epioastric Pulsation 
cause of, 131, 132 

in right ventricular hypertrophy, 206 

occurrence, 131 
Epilepsy 

bradycardia in, 100 

oztrasystoles in, 09 
Epinephrin in Blood 

as cause of hypertension, 260 
Erysipelas 

acute bacterial endocarditis in, 177 
Erythrol Tetranitrate 

for hypertension, 252, 261 
Esophageal Disease 

precordial pains in, 269-270 
EbcciTATioN Wave, Electric 

relation to muscle contraction, 27 

relation to wide R wave, 37 
EbcciTATioN Wave in Ventricle 

course of, detailed, 44-45 

course of, general, 42 

in auricular fibriUation, 104 

origin of, 42 

retardation of, 34-35 
Excitement 

blood pressure after, 246, 261 

in hypertensive precordial pains, 261 

in "weak" heart, 256-257 
Exercise 

effect on T wave, 46 

for "weak" heart, 257 

in cardiac disease, 235 

in hypertension, 253, 261 

in hypertension with precordial pains, 
261 

in non-hypertensive myocardial insuffi- 
ciency, 263 
necessity for, 223 

systolic pressure after, 236-237, 246 
Exophthalmic Goiter 

auricular fibrillation in, 63 
blood pressure in, 248 
cardiac palpation in. 132 
carotid pulse in. 130 
conduction time in, 65, 104 
normal polygram in, 18 
tachycardia in, 106 

EilTRASYSTOLE 

abortive, 51, 52 

aconite and, 220 

apical inspection in, 131 

bradycardia and, 78 

bromides in, 221, 269 

cardiac palpation in. 132 

change to auricular fibrillation. 198 

clinical recognition of, 52-64 

compensatory pause and, 52 

course in heart of, 71, 72 

defined, 48 
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EXTRAllTSTtHJ; iConlinufd) 

iliffcrentiation from auricular flutter, 

ftT . 
diSerentintion from blockwJ auneular 

bMt, 83 

diffenatiBtkm frtim eomplete heart 
block. 92 

diffcreaiiatioo from ectopic beats, 
62. 03 

differentiation from normal beat, 50 

dispascs accompanied by, 97-99 

cHeot (jf digitalis on. '9* 

etiolony oi. 97, S8, 99 

(!Ktr*cardiac nrigiii of. 07, B8, 99 

truatranc. 51. 52. 54, 64 

heart sounds id. 54 

hoteroRcnetic contniciioti. 48 

irapulst! foimauon in. 49. 50 

io acute endtM'arditia, 16*i 

in cardio*clcroHifl, 1S>8, 202 

in di*coiiii>en!iiit«l mitxol regurgita- 

tioD, 17U 
in dipikthnia, 162 

in paroxyamnl auricular tAchycardw. 
56 

in pneumonia, 276 

in precordial pains with pulmonary 

crises, 270 
interpolated, 47 
iiTDKularly occurriuji!!, 54 
method of tstimating blood pteamirc 

in, 250 
miaoed, 51 
multiple, 52, 00 
nodal, 47, 69. 74 
patbologieal contraction, 49 
pulse ultornation and, 02 
regularly occurring, 73 
Ngnificance of, 97 
tabagism and, 151, 268 
therapy of, 97, 90 
FjCTliA »T"( TV) I.K . ArnicuLAR 
daaiification, 47 
dinioal reeogniUon of, 5l-S2> 64 
compensatory pauae in, 54 
condurtion time in. 51-52 
differentiation from ventricular eilr»- 

^ystole, 54 
eetopic contractions, 51 
from WMoking, 2G& 
in puroiysmal tAchyeardia. 55 
lengthened conduction time in, 83 
pnu.«e after. 70 
with auricular fihrillation, 03 
BJm»A«TBTot.B, Ventbicuiak 
Mua» of. lW-70 
cliusifiratton. 47 

clinieal recoenition of. 52, 54, 70, 71 
compeiii«atnr>' pauie in, 54, 70 
differentiAtidn of auricular from, 54 
tfi^tAlia and, 20n 
«|«etrocardioEPvphi<! typ«a of. 72 
fibrillBtiao &3 



ExTKA»T8TOij:. Ventmcui^R {Continued) 
in complete benrt block, 90 
interpolatod, 71 
juKular puise in, 121} 
rata of, 50, 70 i 

Fahb and db WAiiBT, 39 
Fahk ahb Wratia. 42, 46 

symptom of "weftk" heart, 266 
"Fattt" Heaht. 163 

FtMUllAt. Abtert 

blood ptcfl8ur« in, 24S 
blood preoure in aortic legurgitatioa 
in, 248 

aurindor fibrillation from, 105 
murmuTS in, 144 

reduplicated apicid impulse in. 147 
rhoumntic endocatditi* and. 106, 107 
uinpl« tachycardia in. lOR 
etreptococcuA viridan* and, 17S-l7fl 

FlBRIl.l^TJON 

See ADHicuum Ftbmllatiok 

Se* VBOTHICTTtAn FlBKltLATIOS 

FtuHluiJ^Tifm Wave or Ei^i-THOtAdoio 
ORAU, 5S. 60, 62 

FuooKoecorr 

for determining cardiac efficiency, 339 
in aortic stenosis, 134 
in eiitr*sj'stole, 98 
in palont ductus nrteria«ua, 126 
of aneuriBmol dilatation of aorta, 191, 
195 

of apical impulse, 147 

of contwuitAl dextrocardis. 33 

of drop heiirt. 30, 256 

of sriuatty heart, 28 

of venlrieular hj-pertrophy, 33 

of ventricular rocktuf motion, 36 

of "weok*' heart. 256 
FoKUUM Ovale. 1, 2 
FoauRN OvALX, Pateht 

diffifuit}' of diagnoaia of. 127 
FOXGLOTK 

Sue DiarTALIS 

FlUOHT 

extrB0)'$to1ea from, 09 
gimple tachycardia from, 10ft, ITS 
"weak" heart and. 25ft-257 
FrKCHONAL EmnltNCY Twm 
deecriptiou of. 230 

for ealimating caidiae r«aorv« pow«, 

2S& 

Bvy^XiardiiU insuHicienrv and, 200, 201 
obi«ctloiu to, 230-237 

Caix Blaodkr, lurtMiuxnoH or 

extrsuiyotoles in, 98 
Gallop RirrTHn 
dcfitiitiuti, 145 
pfcsyaWlic, 146 
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©ouscil by strop tococcua viridaoB, 
179 

epigastrir distress ia, 2BB-269 
precordial paius in, 2S8-26Q 
therapy of, 289 

OASTRO-l?<Ti:aTINAI> DiaRASB 

bradycardia from, 99 
ertrMystolea from, 97 
siroptp tachyctirdiA in, 100 

OBRHAHDT'a ARGA fJT DflXJIESS 

ill ptiti?nt ductus arterioiiUB, t25, 12& 
GLOtii;u.H Heart 

deacripiion, 117 

in mitral diaeaae, lt&-118 
Glucosk Solhtiows 

in uremia, 203 
GOLDatUHIOER's ORTHO-PEBCtl9BIO(f 

See ORTKO-pBRCuasios 

GOWT 

endocarditis from, 151 
Ghafbic MsxaoM 

advantage of, 48 

timitations of, iH 
Gbii-pe 

diK)Uilif> in, 214 

RiKloctLrditiB from, 156 

precordial paiQS in crisis of, 270 
Groldel 

' ' duck-ahapDd " heart, 117 

table of vertical ortbodiagramii, 113 

h Wave, 17 

See POLTORAPBIC Thacino 

BXADA€HE 

in cerebri anemia, 249 

in urvmin, 204, 247, 262 
Head'a Zones 

epiaiiBtric, 259, 269 

ill ciifdiuc sypbilia, 266 

in endo>m)Wiirdiai diaease, 264 

ill prcoardial point in reapintory 
affections, 270 

p rwerduil pftina and, 2B9, 264 

anatomy of, 2, 3, 4 

arterial supply of. 3, * 

coa<luction syBtetn (arc alio AvnicoLO- 

TENTRICDLAB CONDUCTION STiiTEU), 
7-10 

ootitractUity of, 4 
development of, 1 
diapUoemeut of, 30 
effect of atTopine on, 46 
effect of digitaUs on, 45 
eleetrieal inipuLte. 37 

lymph VD«^la of. 4 
maximal roiittaccUufi of, 4 
method for (JptiTmininK aullinc of, 
137 

Inuwrulature of (tee aito MirsCCrtATUlUB 
or Hcakt), 4 



HcAltT (Continiifd) 

nerve supply of, 4, 259 

physical examination of, 120-147 

phyijiology of, 3, 3, 4 

position of, in adults, 2 

poaitioci of, in fetus, 1, 2 

BBTtuplasiu, 3 

siie of, 2 

typ«» of, 2S-34 

weight of, in adults, 2 
Hear* Block 

a wave in, 14 

auriculo'ventricular ratio in, 65 
cardiiu.* cAus«ji of. IDl 
cardioflclcroitis and, I9S 
cilosiiiCication, iii 
— ^ clinical luid erperimcntal CBua«S flf, 
100 

clinirol recognitioo of, 66, fi7 
definition of, 101 
difTcTcntiation fruin flutter, 67 
difTercnliution from true hradycardia, 
7U 

digitalis in, 101, 206-208 
diphtheria and. 152 
eitrarardiac causes of. 101-103 
inspMtion of apical region in, 131 
piieutuuni* nnd, 15S 
therapy of, UH, ia3 
Heart Block. Compjjite 

auricular Abrillation and, 67 
auricular Butter a.nd, 64 
btood prciwure in, 260 
c]lu«i6eation. 48 

clinical ttcognition of, 36, 66. 91 92 
dpHnition of. Ho 

differentiation of extraaj'stole from, 82 
diffDrentiatioii of itieouiplete from, 129 
dii^ talis in. 208 

— etiology of. 5 

ju^lnr pulsatiohs in, 129 
morphine iind, 221 
reSex vu^us excitation and, 103 
relation U) M atid IT waves, 35 
Tinul. Sauills and, 216 
typ^ of, 36 

Ventricular rate in, 91, 92 
wide fi wave and. 37 
Hkaht Block, lwco>«Pl.KTf; 
auricular flutter and. 64 
change from complete to, 65, 66 
classification, 4S 

— cliniral reeoKuition of, 66, 85 
dcscriptind of, S5 

difTereiitiatinn of eompicte from, 129 
differentiation of Sutter from, 67 
diAcrcntiatiuu of aino-auriciliu- frooit 

93 

diKitnlia in, 2CIS 
type* of, 85 
HmAKT SouNpa 

suAcultation of, 138-147 
cardiac palpation atid< 132-134 



Hkaut Soomim (Ct nlUm t i f 
iacton imflueneiag, I99 

gallop rh}-thm and, 145, 205 

ID HDeurumiul nortlc diliLtBliOEl, 185- 

186. 190 
in Mtrtitia, 19S, 106 
in cotnpletp heart block, 92 
in c»tm*yHt<jLe, 54, tia 
in hjix-rteiJiiioQ, 2U5, 261 
in ii]CODiplct« heart Mwk, 92 
in left ■ventricular hypertrophy, 204- 

205 

in myocardial inBuScieacy without 

hypcrtfUBiun. 263 
in myocanhtis, IM, 195. 196 
in Benilfi cardioscleroais, '2ST 
uominl. atm!yHii» of, 147 
rcduplicatiMi, 145-147 
reduplicated apicul impulse and, 147, 

205 

nKjuplicated finit and, 146 
split, canl«r, doublo, triple rhythm 
and, 145 

Heart SoL.VDa, RcDtrpiJCATED Fibst 

etiolojo' of, 146 

in aneuriamal dilatation of aorta, IS6, 
100 

in FArdiofK-tercwis, 197 
H I ART SouKca, Redl'pucateb Second 

devc'riptioa of, 146 

etjolojor of, 145, 14(S 

in mitral stcnoHiA. 146 

in tachj'curdia, 146 

where hpnrd. l4o 
Heart iSor.vD, Tbihd 

desrriptiDn of, 145 

etiology of. 145 
Hemipl^oia 

in docomp«[isat«d mitnl stenoms, 
172 

iu atreptococctu virtdatiB, lilO 
BMMomau 

cauK of. 173 

in aortic rcRurgitation, 173 
in cardiosclpKisis, I07-If)8 
In decontpctutateil mitral reguigitatioa, 
170 

in pregnancy with cardiac failuiv, 
23Sr-239 

BerciuxiKfrrnc Co!n*RA(7noN, SO 
BKCBMVS'i Nodes, 179 
KoHooBirKTio Beat 

deacriptton of, 48-49 

ectopic, 91 
H rtiiiocKi>RAi.L-m. 

causing heart Uodc, 102 

HrDBOTHEHAPT 

lor neuropathic individuala, 324-225 
hypcrtcnsioQ and. 252-263. 201-262 
pmoedure in, 225 
typ«« of. 224. 262 

H rOHOTHORAX 

in cardioKlnoau. 198 



ETPERriEBla 

blood pmmire in, 249 
definition of, 249 

adfvnatiu in, 220 
alcuholbm and. 130 
aortiUs aud, 195 

Hood pnsMun* in (#m alt« BLoot> 

PRESBURE). 247 
r«ndiap palpatiuD in, 133-134, 138 
carotid pulM? in, 130 
causee of, 200-2&1 
cervhral heinurrhage in, 204 
cyanosis causinfi. 249. 281 
diikthcmny in, 253 

difTor[>ntiat)t>u between cardiac and 

ccrplifnl t.vpt* of. 247 
dicitalifl in cuj-dioHCI&rutic, 213, 240 
dnifp in, 262 
nccrdsc ib, 253 
heart change in, 260-261 
heart HouDds in, 195- 196. 205 
hydrotherapy in, 252-253 
KarreU diet in. 21S-210 
left ventricuJar h^ipertrophy iu. 205, 201 
rayocarditiii in, 246. 247, 260-261 
pereuaaion in. 253 
ptteutnouifl and, 154-155. 276 
prognoaia ul cardiosclerDsis n-ilb. 200, 

204 

Spa treatment for, 2S3 
therapeutifi of. 251-25^). 261-262 
vaaodilutrirti in, 252 
veneMctiun in. 252 
wide ft wave in. 37 

HtPERTENSION. FUNCnONAli 

Htpote!tsion 

ndrenalin in. 221 
blood pressure iu, 249, 250 
in "weak" heart. 256, 257 
sywiptonxB of. 231. 250 

iBIOvBNTHlrvtAB Rate 

in complete heart bloclt. 
Imfuuse 

abnonna) pamae of, 47. 68 

apical — 9FC iMFrLSB, APJ<^AI< 

electrical. 37 

in bundle-branch leaiona, 77 

ia extTa«cy>tule. 4S 

inyoRenic, 10 

neuroftcnie. 10 

nomtal, rourae of, 10 

orijcib of. 7, IU 

relation to arrhylhmiiui, 10 
IirpcruK, Apical 

position detenotoed, 137 
htrvtax. Apical, RKi>trpt.tCATXi» 

dwcription of. 1411. 147 

diagnoais nf. 146 

gloetfoeardiogram and, 147 

«tiolosr of, 140-147 
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IxFULSB, Apical, REDVPUCATmo (PotUinued} 

occuirenoe ot, 140-147 

orthodiagraphy of, 147 

right ventricular hypertrophy and, 205 
Imdiobbtiom, Acutb 

causing paroxysmal tachycardia, 106 
Infarcts 

arrhythmias in cardiosderotic, 202 

coronary, result of cardiosclerosis, 
203. 264-265 

embolic, in pregnancy, 239 

heart block and, 101 

in kidney, 178 

of coronary artery, 203, 264, 265 
precordial pain in embolic infarcts of 

ooronaries, 264-265 
rheumatic endocarditis and, 175 
septic, in acute bacterial endocarditis, 177 

Imncmos of Cardiac Area 
aortic pulsation and, 130 
apical region and, 130-131 
carotid pulsation and, 130 
epigastric pulsation and, 131, 132 
in aortic aneurismal dilatation, 190 
jugular pulsation and, 129, 130 
liver pulsation and, 132 
right lower interspaces and, 131 
supplemented by other methods of 

examination, 137 
value of, 128 

Interpolation Table, 40-43 

Intestinal Disease 

causing extrasystoles, 97 

Intracardiac Ganglia, 5 

Intracranial Tension 
Uood pressure in, 249 

Iodide of Potash 

in aneurismal aortic dilatation, 191 

in hypertension, 252 

in syphilitic heart block, 101 

ISO-Potential, Line of, 25 

Jaundice, Catarrhal 

true bradycardia in, 99, 100 
JuocLAR Rulb 

causing split a wave, 16 

in auricular fibrillation, 58 

Mackentie polygraph and, 13 
Jugular PrutB 

auricular systole and, 129 

experimental auricular pressure curves 
and the human, 14 

in arrhythmias, 64 

in auricular fibrillation, 67, 129, 130 

in auricular flutter, 67, 130 

in cardiosclerosis, 129 

in complete heart block, 129 

in decom|>ensati(>n, 129 

in eztrasyHtole, 54, 129 

in incomplete heart block, 129 

in tricuspid regurgitation, 129 

normal waves in, 14 

position of patient in obaorvinc, 129 



Junctional Tissue 

See Auriculo-vbntbicular Conduc- 
tion System 

Karrell Diet 

cardiorenal disease and, 218 
description of, 218 
edema and, 218 
modification of, 218-219 
myocardial insufficiency and, 218, 230 
with theobromine sodium salicylate, 
217-218 

Lead Poisoning 

action of, 149 

blood pressure in, 248-249 

Imdycardia in, 99 

diagnosis of, 140-150 

endocarditis from, 149-150 
Leads, Electrocardiographic 

cardiac displacement and, 30 

congenital dextrocardia and, 30 

definition of, 25 

electric axis and, 39 

phasic respiratory variation and, 32 
Lesions, Stenotic (see aUo Mitral 
Stenosis, and Aortic Stenosis), 
139-142 
Lewis, T., 64, 71, 76 
Liver 

epigastric pains from enlarged, 259 
in cardiosclerosis, 198 
in chronic rheumatic endocarditis, 169 
in decompensated mitral stenosis, 170 
in pregnancy with cardiac failure, 238 
Liver Puliation 

importance of, 132 

in decompensated mitral stenosis, 170 
in regurgitant valvular lesions, 141, 144 
in stenotic valvular lesions, 142 
occurrence of, 132 

M Complex 

cause and description of, 35 

clinical significance of, 35, 36 

myocarditis with double apical im- 
pulse and, 147 

rocking motion of ventricle and, 34 
Mackenzie 

polygraph of, 12 

"youthful irregularity" of, 79 
Maladie de Hodgson, 185 
Mannitol 

in hypertension, 252 
Mabriaue of Women with Valvular 

Disease, 237, 241 
Massage 

advantages of, 223 

cardiac decompensation and, 223 

method of administration of, 223-224 

necessity for, 223 
Meningitis 

heart block and, 102 
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in n/culc hBcteriul pndocanlitui. 177 
incn?aaed mtracraoiaJ tonaion and, 
249 

etreptococrus viritiaiui iMid, 180 

treatmeiil of precordial paina ia, S70 
Mbhci'bt 

Dciion on kitiueyB, 150 

Id tuicimBm&l aorUc dilatatiqn, 191 
MKTABousif, Food 

«MViaiiig c&rdiac dbeaiw, 151-152 

caustDK pudDcardilia^ 149-150 

nurirular fibrillatinn ia, 115-118 
blood pressure in. 248 
chest palpaiiou in. 133. 1S4. 138 
cotiibindd aortic and. I2U, 2i& 
eyftooaxB hi, 169 
diKitdis in, 213, 315 
hemit^ murtnurB and. 145 
inapEM-lion of apicMil region iri, 131 
liver puJBntioa in, 132 
low dirrotk- noU'li iji, 20 
nurmal polygrain with, 17 
ortbodi8«rftm» of. 105-10". 1I5-11S 
tTgurptftot Diumiur in, 139, 145 

MlTllAL ReOl'RlilTATlO.S 

causes of, 143 
CUtlse of tnurmuta in, 144 
decompcnaaLion ill chroiuc rheuintitic, 
171}- 172 

dilTcrcatintion of non-orguuc muiuiur 

from, 144 
double nortio lesion and. 120 
livrr pulsation in, 133 
rnurmur* in. 190 
normal polyKrain in, 17 
ortJiodiaKmiia oi. 1 IS 
pregnancy and, 239 

symptoms of decompeciaatJoD in chronicr 
rhetimatie. 170 

syphiliJ! and, 159 

tonsiJblis and, 1.V5 

verrucous endocarditia and, IG2 
MiTHAL Ring 

dilatation of, rauaing murmurs, 144 
MiTRAt, Stknobih 

acute rheumatic vtidorarxlititf and. 304 

lifiic-a] itL»t>cction in. 130 

auricular fibrillation in, 56, 58, (K>, 
104, 105, 172 

ebcwt palpation in, 134 

decompe [mated, in r tiro uic rheumatic 
endocarditiji, 170-172 

definition of. 139 

jugular puliation in. 129 

leiuEth of life iti, 175 

murmurs of, 139-142 

nomud polyKrani iu, 17 

paralysis of left recurrent nerve in. 
170-172 



McraAL Stcnosu iContimted) 
preeuancy and. 239 
teduplicated 2d heart sound in, 146 
right ventricular hypertrophy and, 33 
Byniplomif of defompetisated, 170-172 
verrucous endocurditis and, 162 

MrTRAi. Valves 

suricnilftr fibrillation and, 68 
bacteria affecting, 15H 
blood veoaela in, 160 
cardJoaclerosia and, 164 
fatty degencrBtion of, 160-161 
position of, 2 

relative insufficieney of. 143 
«<!]en>9i» of endocardium tmd. 160-161 
BtA^ptococcua viridanH and, 177-178 
tcrtiaiy cardiM; ayphiliii and, 1S4 

MooBaAToR Bano, 9 

Monoplegia 

in «trc|ito«>cciu viridana, 180 

MciKPKlN'E 

complete heart blo«k from, 101, 221 

effect on heart rate of, 221 

in ancMiriaaiid aortic dilatation, 192 

in auricular tibriilation, 105 

in hypertensive pneoidial pains, 261 

in paroxysinal tadtycardia, 100 

MtTRMUIl, PuNCnONAl. 

charactcrinjca of. 143 

definition of, 14,'i 

difTcrcntiutioii of tirsajue from, 144 
etioloio' of. 143-144 
in anemia, 145 
occurrence of, 143 

MtniMUR. MACKINXnT 

deilnitiun of, 125 
in patent ductus tirteriosus, 125 
MvBJvraa {rre Mi nvri'its, MACUiNtuiT. 
Hkmii', and Fi;vrTi<i:^Ai.) 
Bthero«ciero5i» and. 142-143 
auriculo-«>'9tolic. 130 
AustiD Flint, 141 
HirflS(>-pulBionar>'. 145 
ciiffUo^resptratory, 145 
dcBiiitiiin of, I3B 

differentiation between typical organto 

and rion-OTKanJc, 144-145 
effect <if digitBlia on. 140-141 
endocMtiial, 175. ITti 
extn>«tnliBe, of non-orsanic otiKut, 

145 

Grohain-Stccle, 139 
hemic, 143. 144 

importance of, in diuipiosig. 139 
in aortie regureitaticm, 141 
in aiirlie stenosiii, 141 
in aortitis. 195-196 
in anemia, 143-145 

in aneurisnial dilatation of aiorta, ISO. 

190 

in auricular fibrillation, HO 

in degenerative eudocarditia, 101 

in fibrillation, 00 
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MuHuiriw {Contimied) 

ia mitrp,! n?KurKitatiDii, 139, 144 

in mitra! st^uoids. 139-141 

in myncardial insufficiency without 

hypertension, 263 
in myofiimlitis. 144, I05-I!)fi 
in pregnancy with cardiac lesionii, 23S 
in iMtent ductus tirtcri'igus. 125 
in patent loratnon ovale, 127 
in secondaiy cardiac ayphiliH. 1B4 
in streptococcus vindans, 181 
in third heart sound . 145 
in tricuspid valvular lesione, 141- 

142. 144 
in valvular LcsiouH. 143 
in valvular pulinonar}' insufficiency, 

142 

in "weak" hmit, 250 
ibftucticp of patie&t'i poflitioB on, 139 
intracftrdiac, ol tvon-orgaaie ori^, 
143-145 

ttiethcKls oS detennininR type of. 143 
organio valvuliu-, 139-142 
reduplicated apical impulwa and, 145- 
147 

rpduplicatcd sounds nnd, 145-147 
systolic, im 

eystolic, in patent ductus Artcrioflus, 124 
systolic. In patent intprventricular 

septum, I2C 
Valvular, tti rheumatic endocarditis, 130 
valvuliir k^aions and, 142 

MlTKUI^TUHE, CaHDIAO 

AttributM of. 4, 250 
conducti^nty of {ntt CoKDncTmrr) 
contmctUity of C»m ContkactjUtt) 
effect of pneumonia on, 153-154 
eteftrtH'»rrlic>Br:ia» and. 37-28 
fetal rlevelopnient of, 1 
fibres of, 3 
in heart Wock, 101 
in syphilis, 158 
irritability of. 4 
pulse altfimation and. 92 
■uperfirrial bulbo-spiiioJ fibfce of. 3 
superitriol aino-«pin&l Bbrea of, 3 
Mtaujia, 271 

MrocAKDiAL iNfttrmciBifCT oUo Mto- \ 
CARDiTifl, CAHDtewoLSBoaia, aku Dk- 
dohpenutiom) 

adrenalin in. 22 L 

blood iin-aauie in. 347-248 

diet in. 330 

djnipiKM in, IQO. 200-201 
ptttbological damui^ in, 200-201 
preoonlinl pain* in, 200-201 
progoonis in, 200-K)t 
therapy of, 201 
valvular diseaie and. 24fi 

MTOCARniAJ, iNBCFnCIEtfCT WTTB Htfkii- 

TCItSION AKD Labilb Vasouqtob 
MscnAjfMu 
blood preaBUrc to, 247 



MTOCARDtAL iNBUmciEWCT WFIV RtPKR- 
TeNHtoN AMn LaaiLE VAfHtMOTOB 
Meceianibh (Continuedi 

precordial pu.ins in, 2Q2 

symptoms of, 247, 262 

therapy of. StiS 

vaaodilainra in. 252 
Mtocarditeb (tee also CAnntoecLEHOHts) 

atnite interatitiivl, 103, lft4 

blood pressure in, 246-248 

bundle IvaionH in, 146 

cheat palpation in, 131 

diabetes and, 151 

diaKnow of. 194-197 

differentiation of aneurism from, 196 

emltolic coronary infarctB in, 265 

evideaces of, 98 

fibrous interstitittl, 164 

from alcohol pnisonini;, 160 

from lead iwisiotiing, 150 

heart sounds in. 1114-197 

hyiwrtrophy and. 2t>l-205, 247 

nmrmnra in, 144. 140. 194. 195-190 

orthudiascapj' in, 263 

other lesiouH luid, 194 

prooorrlial piiins in, 203, 204 

prolimgeil roiiriuctioD time in, S3, 
104 

PuIm' alt«mution in, 93 
pyorrhea and, 156 
physioid HigTis of. 194. 204-205 
R wave in, 37-38 

reduplical^d ajjicoJ iinpiilse in, |47 
rheumutjff endcx'ttrdjliH and, 164 
rheumatism and. 155 
(j'Biptotns of, 263 
syphilid and. 150 
T wave in, 45 

tertiary cardiac gyphilia and. 185 
therapy of, 263, 204 
ulcerative, 164 

ventricular eztrasysloles in. 83 
Mtocardium 

abeewsesin. 163-164 
anemic nerroaiis of. 163 
atrophy of. 162 
bacterial infection of, 163-164 
brown atrophy of. 162 
cardiac syphili* and. 184 185 
eardioBcleiOHia and, 164 
cinniiatory disturl>unees and. 163 
effect of diphtheria on, 153 153 
effect of pneunirtnEn on, 153 
fatty deKcneration of. Ifi2-t03 
pjirenehj'niat'Dus degeneration of, 162 
aintple atrophy of, 102 

Nahkow Heart (»et aito Dnor Beart) 

description of. 114, US 

ortbodiaacopic tracing of. 113, 114 

■jTnptnnu of, 115 
NAnHEm Baths 

bencfiu of, 326, 253 
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Kaubeiv Baths (Conlinutd) 

for hypertension witti precDrdisI ptuiw, 
261 

method of producing, at liome, 226 

routine at Spa.. 220 

types oi patifebta suitAblti for, 226 
Nacsea 

in cardiosclenwU, 304 

in uromiu, 247, 262 
Nbphritis 

acidoaia in, 233-234 

aortitis and. 121 

oheniiciil exanunation o( blood io, 233- 
234 

diabetes and, 1S5 
diet in. 233 

effect of caffein in, 216 

effect of thcobroiniDe iMdium aaHo 

ylate in, 217 
fuQctionivl cfScioticy testa in, 230-233 
lacto<w teat in, 230 
l^ad poiaoaiug tind, 149 
non-protein nitro^n ia blood in, 233- 

234 

phenolsuIphophthjiteiD tost in, 230-231 
protuiigiMl ooDdurtion tinip in, 103- 
104 

■treptocorcua viridana and, 178 

test diet in, 232 
NasvE. pAHALraia op Lsft Recdbhent 

relation to mitral atenoHa, 170-172 
NaRVE Pi^sxusEa or Heart 

A-V system and, 10 

coronary, 5 

deep cariliac, 4, 5 

■ino-auricular node and, 7 

•uperficiol, 4, S 

NlRVKB 

In luieurisiial dtlHt«tion of aorta. ISd 
ia etreptocoL'i'ua vindans infiX'tioa, 180 
NiHVES OF ffCART 

auriculo-ventricular system and, 0, 
10, 259 

blood juMBore and, 242, 243 

o«vieal plexua and, fi 

dorsal pleziu and, 6 

pMbic nerve* and, Wi. 2S0. 260 , 

pleanuH of, 4, 5 

invtnatnre coninictioiu BUd, SO 

■eoaation and, 259 

Moeory. 5 

qympatheUc tyatetq and. &, 7, ISI, 259 
tone of. 5 
Nmt^nAuuA 

in aneurtanial dilatation of deeoending 

aorta. IHQ 
preeorxltal, 270-271 
NeraA«THi;Nic Hkakt, tte "Wiak" 
IlEAirr 

NmRtynr Heahtt, tea "Weak" Hbabt 
Nicon VK (««« aUo Tabaoism) 

effect on lympathctir? icanglia, 83 

precordial patua (rom, 2dS 



NiTBrres 

doM of. 219 

in hvpertctuion irith precordial paind, 

Ml 
lues of. 219 

NlTBOOLTCB Rl VB 

blood preaeure and, 219, 26t 
dose of, 219. 252 
in cardio8<^teroaia, 219 
in hypertenaion. 252, 26i3 
in pulcnooary edema, 219 
io tabaKiBiiv, 208 
in "weak" heart, 257 
precordial pain» and, 219, 261, 270 
Nodal Rhttku. 56 

Node or Keith-Flack, ate @iNO-Ainuct^LAR 
Nqpb 

MODIS or TaWARA, gef ATR10-TESTMCt l.\n 
OcCtTPATtON 

for padenta with cardiac diaeaae, 335- 

236 

Oertkl Trbatmcnt, 224 

Oliouria 

in {^ardioacleroaia with uremia, 204 

OaTHOOtAftCOPIC Tkaciko 

da»eriplion nt normal. III, 112 
factoid iiiffueDcint; hibo of, 1 13, 1 14 
in aneurismaJ dilatation of aorta, 1S&, 
195 

in aortic stenosis. 122. 124 

u) aortic valvular leaiona. IIS, llfl 

io aortitis, 12&-122 

io oombinod aortic and mitral di se a t , 
120 

in ODoeeDital cardiac mAtformationa, 

in mitral disease, 11 5-1 IS 
in myocardial iosufEcieDcy, 203 
in patent ductus arterio«tia. 124-126 
in patent foramen owJe. 127-12H 
in patent interventricular septum, 
126-127 

in rheumatic aortic diaeaw, 1 18-120 
ioAuenee of diaphragm on, 114 
measure menta of, 113 * 
of brosul heart, 113-114 
of narrow heart, 113-114 
stand srda in. 112-114 
OaTHUDiAa<70PT f»ee aUo ORTBooiABconc 
Tracimo) 
cardian effieieney and, 236 
definitiou of, 110 

description of Groedel Appwmtua. 

110, 111 
in mitral diaeaae, 115-118 
method of using, 1 1 1 
pcrcusBion, eompaivd with, 134. 135, 

137. 138 

Toetil4{eooerapliic dtatottioli and, 1 10 
O tanoPK nn miu n 
description of, 13^ 
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Oamni Venosxtii, 3 
Otaioan Extract 

for "weak" heart at menoiMuae, 267, 
270 
Otzbstrain 

causing simple tachycardia, 106 
causing ventricular dilatation, 34 
OxTOBN Batbb, see Htdrothsbapt, and 
Baths, Carbon Dioxidb 

P Wave of Electrocabdiooram 
cause of, 26 
description of, 26 
in auricular eztrasystole, 52 
in auricular fibrillation, 62 
in auricular flutter, 66 
in nodal extrasystole, 60 
in ventricular extrasystole, 72 
notched, 36 

variations of normal, 26 
Pacbmakbr, tee Sino-auricolab Nodb 
Pau»ation op Chebt 

aorta in. 133 

diagnostic value of, 120, 132, 133 
in aneurism, 133 

in aneurismal dilatation of aorta, 133, 
100 

in aortitis, 133 

in arteriosclerosis, 133 

in auricular fibrillation, 133 

in cardiosclerosis, 195 

in congenital patent interventricular 
septum, 133 

in congenital pulmonary stenosia, 133 

in extrasystolcs, 132 

in hypertension, 133 

in mitral lesions, 134 

in mitral stenosis, 133 

in overacting pulmonary arteries, 133 

in patent ductus arteriosus, 133 

in pulsus paradoxus, 134 

in reduplicated apical impulse, 146 

in rheumatic aortic stenosis, 133 

in rheumatic regurgitant lesions, 133 

in tachycardia, 134 

over base of heart, 133 

supplemented by other methods of 
examination, 137 
Papillary Muscle 

excitation wave in, 44 
Passive Motion 

method of administration of, 223-224 

use of, 223 
Patent Interventricular Ssmric 

chest palpation in, 133 

clinic^ evidences of. 126 

orthodiascopy of, 126-127 
Percussion 

auscultatory, 135. 101 

inaccuracy of, 135. 137 

in aneurismal dilatation of aorta, lOO- 
101 

ortho-percuasion, 136 



Pbroubsion (ConHnued) 

spinal, 253 

value of, 120 
Pbrcxtssion Wave, see Pbimart Watb 

PERICARDmS 

cause of. 163-164 
digitalis and, 214 

in pregnancy with cardiac lesions, 

238 

precordial pains in, 271 

pulsus paradoxus in, 02 
FSBIPBERAL Resistance 

mechanism of, 242-243 

relation to blood pressure, 242-243 
Pemtonitib 

extrasystolcs in, 08 
Pbtecrijd 

description of, 170 

in acute bacterial endocarditis, 177 

in conjunctiva, 170 

in skin, 170 

in streptococcus viridans, 170 
Phasic Variation wrra Breatbino 
apical inspection in, 131 
cause of, 32 
classification. 28 

compared to rocking motion of veo- 

tricle, 34 
description of, 32 

effect on cardio-respiratory murmur, 
145 

in sinus arrhythmia, 70. 82 

in ventricular hypertrophy, 32 
Pbenolsdlpboputhalein Test 

in chronic endocarditis, 160 

in nephritis. 230-231 

in uremia, 247 
Phleboqram (see alto Juoulab Pulse and 
o-c-t Waves) 

normal, 15 

of nodal extrasystole, 60 

variations in normal, 16-17 
Phosphorus Poisoning 

endocarditis from, 150 

fatty degeneration of myoeardnim 
from, 163 
Phtbiological Beat, 48-50 

relation to extrasystoles, 50 
Pleural Exudates 

cauang heart displacement, 30 
Pleurist 

precordial pains in, 271 
Pneumonia 

acute bacterial endocarditis in, 176 

area of involvement in, 274-275 

auricular fibrillation in, 63 

bradycardia in, 100 

cardiac musculature and, 163-156 

cardiosclerosis from, 154-166 

cardiovascular disease from, 154-166 

cause of death in, 154 

crisis in, 275-277 

critical resolution in, 276-276 
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Pneuhokia iCordimted) 

digitalia in, 214, 274r-276 
. drugs in, 273-276 

endocarditis from, 153-155 
extrasystoles in, 98-99 
expectoration at crisis in, 276 
hypertension from, 154-155 
in cardiosclerosis, 202 
late sequels of, 154-155 
myocaiditis from, 153, 274 
nephritis from, 155 
stimulation in, 273-276 
temporary auricular fibrillation in, 
105 

therapy of, 273-277 

toxic cases of, 274 

toxins in, 102. 153-155, 274 

variety of treatments for, 273 

venesection in, 274-275 

ventricular arrhythmias and, 68 
PoraoNB, Chemical 

causing heart block, 102 
Polygraph 

description of, 12 

limitations of, 17 

method of use of, 13, 14 

tracings, 13, 20 

tiaes of, 12, 14 
Potash and Soda, Acktatb or 

dose of, 221 

efiFect of, 221 
Potential Differences — Table of, 
40-13 

Precordial Nburaloiab (see aUo Pre- 
cordial Pains). 270-271 
Precordial Pains 

areas affected in. 259 
etiology of. 260 
Head's tones in, 259, 264, 266 
importance of cardiac history in, 258, 
259 

in acute pulmonary crisis, 270 
in acute rheumatic endocarditis, 167, 
264 

in aortic regurgitation, 173 
in arteriosclerosis, 266, 267 
in cardiac syphilis, 184, 266 
in cardiosclerosis, 197, 200, 267 
in chronic rheumatic endocarditis, 169- 
170 

in coronary disease, 203 
in decompensated mitral stenosis, 170 
in embolic infarcts of coronaries, 264- 
266 

in esophageal disease, 269-270 
in gastric disturbances, 268-269 
in hypertensive cardiovascular disease, 
260-262 

in myocardial insufficiency without 

hypertension, 263-264 
in sacculated aneurisms, 267 
in tabagism, 268 
in uremia, 247, 262-263 



Precobdial Pains (Continued) 
neuralgia, 271-272 
nitroglycerine for, 219 
pathology, 258-260 

relation to cardiovascular nerve supply, 
259 

relation to epigastric pains, 259-260, 

268-269 
8ub-8temal, 189 
therapy of, 261-271 

use of term — angina pectoris, instead 
of, 258 

with vasomotor disturbances at meno- 
pause, 270 
Pbedicrotic Wave, see Systolic Wave 
Pbeonanct 

abortion in, 240 
aortic lesions in, 239-240 
decompensated endocardial lesions in, 
240-241 

in women with cardiac disease, 238- 
241 

with valvular lesions, 238-239 
Premature Beats, tee Extrasystolb 
Presystolic Wave, 60 
Primary Wave of Radial Tracino, 18 
Proteins 

effect on cardio\'ascuIar system, 152 
Pulmonary Artery 

congenital malformation of, 33 

development of. 1,2 

orthodiascopic tracing of. 111, 112 
Pulmonary Disease 

dyspnoea and tachycardia in, 106 

precordial pains in, 270 
PuuiONARY Edema 

coronary disease and, 203 

in pneumonic crisis, 275 

nitroglycerine in. 219 

relation of expectoration to, 275 
Pulmonary Stasis 

in cardiosclerosis, 202 
Pulmonary Stenosis, Congenital 

chest palpation in, 133 

differentiation of aortic from, 142 

murmurs in, 142 
Pulmonic Sound, Second 

in right ventricular hj'pertrophy, 205 
Pulmonary Valves 

insufiiciency of, 142, 144 

position of, 2 

reduplicated second heart sounds and, 
146 

Pulse 

anacrotic, 20 
bisfcriens, 20 
collapsing, 20 
Corrigan, 20 
dicrotic, 20 
hard, 20 

hyperdicrotic. 20 

in auricular fibrillation, 60, 62 

in extrasystole, 54 
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Puu» (Continued) 

pulsus bigeminuB, 48 
pulsus celer, 20 
pulsus durus, 20 
pulsus magnus, 20 
pulsus tardus, 20, 141 
soft, 20 

water-hammer, 20 
PuuE Alternation 
description of, 92 
digitalis and, 206, 208 
mechanism of, 92, 94 
method of estimating blood pressure in, 
250 

occurrence of, 92 
Pulsus Alternanb, see Fulhe Altbbna- 

TION 

PuuBua Paradoxus 

cardiac palpation in, 134 

mechanism of, 92 
PuRKiNJE Fibers 

(«ee alto Auriculo-ventiucular Con- 
duction SrsTEii) 

distribution of, 9 

excitation wave and, 44 
Ptooenic Abcesses 

causing endocarditis, 157 
ProRSHEA Alvbolaris 

cardiosclerosis and, 157 

endocarditis and, 156-157 

Q Wave of EiiEctrocaroioobam 

cause of, 26 

description of, 26 

in normal electrocardiogram, 26 

origin of, in heart, 42 

ventricular motion and, 35 
Q R S Complex 

affected by ventricular motion, 35 

cause of, 27 

compared to M and W waves, 35 
description of, 26 
notched, 37 
prolonged, 36 

R Wave 

cardiac axis and, 42 
description of, 26 

in asynchronous ventricular activity, 

35 

in bundle-branch lesions, 72 
in drop heart, 30 
in heart displacement, 30 
in intraventricular block, 36 
in mitral stenosis, 33 
in nodal oxtrasystole, 60 
in wiuatty heart, 28 
in ventricular extrasystole, 69 
in ventricular hypertrophy, 33 
interpretation of, 27 
mathematical principles and method 
of determining, 30-43 



R Wave (Continued) 

phasic variation and, 32, 33 

variations of in normal electrocardio- 
gram, 26, 27 

wide, 36, 37, 38 
Radial Puiae 

description of, 18-20 

in blood pressure estimation, 244 

palpation of, 20 

types of, 20 
Renal Conqestion 

in chronic endocarditis, 169 

phenolsulphophthalein teat in, 231 
Respiration 

effect on a waves. 64 

effect on position of heart, 32 

effect on pulse beat, 92 

effect on systolic pressure, 245 
Rest 

in cardiac disease, 223 

in hypertension, 253 

in rheumatic endocarditis, 264 

in senile, cardiosclerosis, 267 

in "weak" heart, 257 
Retinal Hemorrhages 

in streptococcus viridans, 180 
Retinitis 

in hypertension, 247, 262 
Rheumatism 

endocarditis and, 165-167 

etiology of, 151. 155. 157 

myocarditis and. 165 

tonsillitis and, 155 
Robntoenooraphic Rats, ««e X-Rat 

S Wave op Electrocabdiooram 

normal, 26 

significance of, 42 

ventricular motion and, 35 
Salt 

in nephritic diet, 231, 233 
Salvabsan 

in ancurismal dilatation of aorta, 180, 
191, 192 

in cardiac syphilis, 184. 266 

in luetic heart block, 101 
Secondary Tidal Wave, 19 
Semilunar Valves 

cause of reduplicated second heart 
sound, 146 

in cardiosclerosis, 164 

structure of, 160 
Septum Inferiub, 1 
Septum Superiub, 1 
Serum, Sensitized 

in streptococcus viridans endocarditis, 
123, 182, 222 

Shock 

blood pressure in, 246 

strychnine in. 219 
SiNO-AURicuLAR Block (aee also Hbabt 
Block) 

description of, 82, 83 



INDEX 



i99 



BlNO-ArHlrf^*B Bhoex (Continued) 

diffpreiitistioQ of bloi^kt^ auricular 
*«at from, S3 

difforcntiatiob of iticotnpleie hftoi. 
blDck from, 92 

due to sninkiitK. H2, Ki, 20S 

*tiology of, 82, 97, 2(/7 

titbulation, 48 

therapy of, 97, 207 
6iNO-AriucruR Node 

blood supply of, 7 

center of eicitstion wave, 44 

compared with aurieulo-venljiCTilar con- 
duction eyttem. 10 

dUturbaace in, callMng arrhythmiaa, 
48, 79 

iDflueotv a( veurogenic and myogetde 
impulses iM. lU 

initra] 3teino«L« anil. 1(U 

nerve supply of, 10, 259 

origin of iiortuol impulse in. 10, 49 

poaitioi) of, 7 

itructurc of, 7 
BlMtts Block, «« Sino-a i'hicuuar Block 
Sim'a RfUKiENB or His, 4e« Simus Vench 

devdopmeiit of, 1 

diastolic ptiesMiK in, 245 
SosirM Bicarbonate 

in nepbritir Hctdnei^ 233-234. 247 

in uremia., 2&3 
SoDiru XrrBiTK 

in hj-pt'rtonsion, 252 
SvA Treatme;»t. Batbs 

6P,A8TKIKE 

doae of, 220 

effect on circulation. 220 
SpBYouooiujt, «M al»o PouiatUFBic Tiu.c- 

IKO 

dHinition of, 12 

SfHT Q U OHANOM ETE B 

oneroid, 243-245 
tnerourial, 2-i^-24£ 
method of use of, 243-24S 
Sflbkm 

in chronic rheumfttic endocuditis. 169 
in streptwoecus viridnos infeetk>n, 
180 

Split Couplxx 

cauw of, 34-35 
Sqi'ATTt Hbaht Uet aUo OitTHODtA«raFT) 

cause of. 28-30 

climral rorognition of, 28 

description of. 28 
Sqviuji. Tinctvre or 

hntrt bjocic from, 21(1 

sinus airhytJuniA from, 310 

BnifULATTOH 

in pneumoniA. 273 
STHEPTQcocctia VminAin 
blood culture* in, 181 



Streptopopct* VrnmA.VB {Continutd} 
blood in, 170-180 
i'ardi*c g>inptoti«i in, ISO- 1 81 
rhffiliic eudocafditis and. 175 
effect of silver naixm on, 222-223 
effocl on kidney, 178 
freqiiein'y of itifection from. ISS 
n«rvouH manifc«tation» in, 180 
pathological changes in, 177-176 
p^twhiit! itt. 179 

pneumonic complications in, 180 
quiewcnt interval in, 181-182 
rcinvaaiona of, 181, IV^ 
Nerunis in, 182, 222 
akin li^ions in, 179 
aple<>n in. ISO 

Hymptoniatolog)' of ondocardiris caused 

by. Ifi7-172, 178, 170 
llierapy of, 182 
uriae in. IW) 
varrincs in, 162. 222 

STROt"H.VffTBCB 

in pneumonia, 273 
use of, 2l£ 

Stkopha.vthtp. CsTiiT.iujNB (Stropilan- 

TBtN) 
caution in usinR, 216 
comp«rwl to digitAlis, 215-216 
dose of, 21 o 

effect oti vj-ntriculjir activity, 215 
in auricitlur ftbrillntion, 215 
in Ciinliar dyspncen, 215 
in cyanotia, 215 

STBTCHinNE 

effect on blood presaure. 219 
in pneutnoma, 273 
Stupor 

in aortic regursitation. 173 
in streptonjcctM viridsiw infeetioii, 
180 

SmBTERMTAL PAISni 

in aEwuriafnal dilatation ckf deaeeiid- 
jUK aorta. ISO 

Sl''L.PKATB OF MAONESL4, 221 

SfiiUArtoN Wave. 54 
Sufhaubnai. Extkact 
drj«e of. 221 

effect on cirnilation, 230-221 
in eonslitutionni hypotensiDn, 221 
in pneumonia, 273. 274 
in "weak'* heart, 257 

SWALXOWlNll 

heart Mock and. 103 
STpmua, Caroiac, Ma Cardiac STmLu 
Ststole 

itit^uaity df. 4 

rcfracior>' phase of, 4 
Stbiouc Freosu hi 

after tiiralA, 245-248 

B8 teat of cakUoc «ffiricocy, 23C- 
237 

diurnal varialioiM of, 345 
maximal normal, 245 
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Btbtouc PmasuBB (Continued) 

methoda of determining, 244-245 
reapiration and, 245 

Stbtolic Wave, 19 

T Wave or ELECTBOCABoioaRAM 
auricular extrasystolea and, 62 
cause of, 27, 42 
description of, 26, 45 
diagnostic significance of, 45-40 
effect of digitalis on, 45, 46, 274 
effect of exercise on, 46 
negative, 45 

normal variations of, 26, 46, 46 

TABAOI8M 

blood pressure in, 246 
causing auricular fibrillation, 105, 268 
causing auricular flutter, 268 
causing extrasystolea, 99, 269 
causing sino-auricular block, 82, 83, 97, 
268 

causing tachycardia, 106 

endocarditis and, 150, 151 

heart block and, 101 

precordial pains in, 268 

therapy of precordial pains in, 268 
Tabes 

precordial pains in, 271 
Tachycardia 

auricular, 68 

bromides in, 221 

caused by tabogism, 151 

chest palpation in, 134 

differentiation of auricular fibrillation 
from, 62 

functional murmurs in, 143 

hemoptyscs in aortic regurgitation 
with, 173 

in acute rheumatic endocarditis, 264 

in aortic regurgitation, 173 

in cardiosclerosis, 198, 202 

in decompensated mitral stenosis, 170 

in diphtheria, 152 

in myocarditis, 174 

in pregnancy with cardiac lesions, 238 

inspection of apical region in, 131 

shortened conduction time in, 104 

sino-auricular block and, 83 

therapy of, 237 

ventricular dilatation from, 34 
Tachycardia, Paroxtbhal Auricular 
classification, 47 
clinical recognition of, 55-56 
differentiation of paroxysmal ventricu- 
lar from, 70 
electrocardiogram of, 65 
etiology of, 1U6 
in acute endocarditis, 166 
in acute indigestion, 100 
in decompensated mitral stenosis, 172 
reduplicated second heart sound in, 
140 

shortened conduction time in, 84 



Tachtcardia, Paboxtbual Aubicuiab 

(Continued) 

therapy of, 106 

ventricular rate in, 55 
Tachycardia, Paroxybmai< Ventricuiar 

clinical characteristics of, 76 

differentiation of paroxymud auricular 
from, 76 
Tachycardia, Simple 

definition of, 54, 55 

digitalis in, 211-212 

diseases accompanied by, 106 

etiology of, 106 

rate in, 55, 106 

recognition of, 55-56 

shortened conduction time in, 84 

therapy of, 106, 211-212 

Tea 

causing extrasystoles, 99 

causing tachycardia, 106 
Teeth, Extraction op 

in endocarditis, 156-157, 227 
Teleroentoenooraphy, 110 
Theobrominic Sodium SALicYUkTB 

advantages over caffein, 216-217 

causing bradycardia, 78 

dose of, 217 

effect on kidney, 217-218 
in acute rheumatic endocarditis, 173, 
174 

in cardio-rcnal dropsy, 217 
in cardiac syphilis, 266 
in cardiosclerosis, 267 
in endo-myocardial disease, 264 
intravenous method of administratioD, 
217 

Murphy drip method of administering, 
217 

with acetate of potash and soda, 221 
with digitalis, 217 
with KarrcU diet, 217-218 
Tone 

mechanism of, 243-244 

relation to blood pressure, 242-243 
Tonicity of Cardiac Mudculaturb, 4 
tonbillectomy 

relation to endocarditis, 226-227 
Tonsilutis 

causing endocarditiB, 155-156 

relation to rheumatism, 155 
Toxins 

bradycardia from, 99-100 

definition of, 102, 152 

diphtheritic, 152-153 

extrasj'stoles from, 98, 99 

fatty degeneration of endocardium 
from, 160 

heart block from, 102 

in pneumonia, 102, 274-276, 163-155 

in pyogenic ahcesscs, 157 

in pyorrhea, 156-157 

in tonsillitis, 155-156 

pneumonic, 153-156 



INDEX 



301 



Toxins (.Conlintted) 

premature artoriosclcrosis from, 267 
rheumatic, 155 

ventricular escape and rheumatic, 108 
Transudates, Pi^ural 

in chronic endocarditis, 160 
Trici'SPId Valves 

ballooninK of, 17 

blood vessels in, 160 

frequency of bacterial infection of, 158 

in tertiary cardiac syphilis, 184 

lesions of, 141-142 

opening of, 16 

position of, 2 
Tumors 

causing heart block, 102 
Tumors, Mediastinal 

causing heart displacement, 30 

causing precordial pains, 271 
Typhoid 

as cause of endocarditis and myocar- 
ditis, 155 

U Wave of Electrocardiooram 

description of, 26 
Uremia 

blood pressure in, 247, 262 

in prognosis of cardiosclerosis, 104 

precordial paiiiii in. 262-263 

symptoms of. 104. 247, 262-263 

theobromine salicylate soda in, 217 

therapy of, 263 

urine in, 247, 262, 263 
Uric Acid in Blood, 233 
Urine 

effect of caffein on. 216 

effect of streptococcus viridans, 180 

in myocardial insufficiency, 263 

in nephritis, 2.3.'i-234 

in uremia, 247, 262, 263 

V Wave 

di\-ided, 16. 17 

in auricular fibrillation, 60 

normal, 16 

relation to dicrotic notch, 19 
Vaccines 

autogenous, 123 

in streptococcus \-iridana, 182, 222 
Vagal Inhibition 

caused by digitalis, 207 

cause<l by tincture of squills, 216 

causing heart block, 103 
Vach-s 

cause of sino-aurirular block, 97. 207 
influence on rhythm, 50 
pressure on, causing A-V heart block, 
102, KXt 

relation to auriculo-ventricular nerve 

supply, 10. 259 
relation to cardiac energy, 242 
relation to premature contractions, 97 
relation to sinu-auricular node, 7 



Vagus (Continued) 

sino-auricular block and the, 82, 207 

stimulation of, 5 

tumors and adhesions of, 102 
Valves of Heart (see alto Valvular 
Lesions) 

position of, 2 

structure of, 160 
Valvular Lesions (are aUo Mitral and 
Aortic Lesions, and Endocarditis) 

blood pressure in, 248 

exercise in, 235 

marriage of women with. 238 

relation of tonsillectomy to, 227 

polygrams of, 17 
Vasodilators. 252, 253, 261, 262 
Vasomotor Mechanism 

effect of caffein on, 216 

in menopause, 270 

in "weak" heart, 255-257 

VENESEmON 

blood pressure and. 222, 246, 249, 262 
in pneumonia, 274-275 
Venous Polyoraphic Tracing, ace Phle- 

BOGRAM 

Ventricle 

abnormal mobility of, 147 
abnormal rocking motion of. 28. 34, 35, 
36. q.v. 

abnormal sequence of contraction of, 
48 

change of position of. in breathing, 32 

development of, 1 

excitation wave in, 44. 45 

filM>rs and layers of, 3 

in drop heart. 30 

in fetal heart, 2 

in squatty heart. 28 

ner\'e supply of. 5 

normal impulse in. 10 

normal orthodiascopic tracing of. Ill 

premature contraction of (see Extra- 
ST8TOLE, Ventricular) 

variation in contraction time of, 34, 35 
Ventricular Arrhythmias 

cause of. 68 

classifiration, 47 
Ventrici lar Asvnchronihm 

description of, .34-35 

At and H' waves and. 35-36 

reduplicated apical impulse and. 146 
Ventricuijir Automatism, see Ventricu- 
lar Escape 
Ventricular Complex of Electro- 

CAHDIO<iR.\M 

cause of, 20 
deviations of. 20 
Ventricular ('oNTR-vmoN 
chest palpation and. 134 
effect of digitalis on. 206 
effect of strr>phanthin on. 216 
elect njcardiographic complex of, 26 
in "weak" heart, 256 
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VsNTRicuiAB Contraction (Contiruied) 

premature — (see ExnuersTou, Vbn- 
tricclab) 

second heart sotmd and, 147 
Ventricular Diastole 

in polygraphic tracing, 16 
Ventricular Dilatation, 28, 34 
Ventricular Escape 

classification, 47 

description o£, 74r-76 

etiology of, 74, 76, 107-109 

murmurs in, 108 
Ventricular Fibrillation 

classification, 47 

digitalis and, 203, 212-213 

in cardiosclerosis, 203 

ventricular arrhytbinias and, 68 
Ventricular Htpertbopht 

acute accidents in cardiosclerosis and, 
203 

alcoholism and, 150 
blood pressure in, 247 
causes of, 33, 168 
chest palpation in, 134 
diagnosis of, 33 

difiTcrentiation of aneurismal aortic 

dilatation from, 191 
differentiation of ventricular dilatation 

from, 34 
digitalis in, 214 

electrocardiogram of branch lesions 
and, 77 

electrocardiographic deviations in, 33 

in cardiosclerosis, 164 

in ^rognotris of cardiosclerosiB, 200 

length of life in, 176, 200 

respiratory phases in, 32-33 

tricuspid murmur and, 142 

visible epigastric pulsations in, 131, 132 

VENTRirtTLAB HTPEBTHOPHT, LeFT 

aneurismal aortic dilatation and, 190 
aortic stenosis and, 172 
apical impulse in, 147 
blood pressure in. 247 
cardiosclerosis and, 164, 204-205 
clinical evidences of, 33 
heart sounds in, 204-205 
hypertension with, 205, 247 
inspection of apical region in, 131 
physical signs of, 204-205 



Ventricular Htfbrtropkt, Left (,Con- 
tirmed) 

reduplicated apical impulse in, 146 

wide R wave and, 37 
Ventricular Hypertropht, Right 

apical impulse in, 205 

clinical evidences of, 33 

epigastric pulsation in, 206 

mitral stenosis and, 33 

physical signs of, 205 

pulmonic sounds, in, 205 
Ventricular Incoordination 

causes of, 76 

classification, 47 

types of, 77 
Ventricular Systole 

blood pressure and, 242 

differentiation of aortio aaeurimal 
pulsation from, 133 

normal jugular pulse and, 14, 15, 16 

relation to dicrotic notch, 19, 20 

with reduplicated apical impulse, 147 
Veronal 

in endocarditis, 174 
Violet Ray, 261 
Vocal Cords 

paraljrsis of, in mitral stenosis, 170 
VoMrrtNO 

caused by digitalis, 209-210 

in cerebral anemia, 249 

in coronary disease, 203 

in uremia, 247, 262 

W Complex 

abnormal ventricular mobility and, 34 

clinical significance of, 35, 36 

cause of, 34-35 
Walking 

as exercise in cardiac disease, 224, 236 

as exorcise in hypertension, 253 
"Weak" Heart 

clinical symptoms of, 255-257 

fluoroscopy in, 256 

misnomer, 115 

therapy of, 257 

vasomotor mechanism in, 257 

X-Rat 

in aneurismal dilatation of the aorta, 191 

orthodiascopy, 110, 111 

percussion of cardiac outline and, 137 
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